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TIk' fuiKlauK^ntal priiaapU's of graphic ])r(‘S(‘n( a< ion (^f husiiu'ss 
.statistics an' siiiiph' to th()S(‘ who will th(‘in s('i^ous study. 

'rh('S(‘ principh's an' fairly W('ll staiidardizt'd, and, onc(' und('r- 
stood, tli('i’(' wiil h(‘ no difliculty in api)Iyin.i;' lh('in to any paidic'U- 
lar prohh'in. A d('finit(' pra<*ii(‘(' of hnsiin'.ss chartiiif*; has I)(‘('n 
d('\’(‘l()p(‘d which is distinct from ('n,i>;in<'('rinji; clKirtinjj;; tiioityh il is 
clos(‘Iy r('hit('d to it.. It is tlu' ()l)j(‘ct of this hook to conttihuh' 
to th(' ('xplanation of th(' principle's of husiiK'ss charting;’ and to 
st andardizat ion of iiK'thod aiul form, dda' discussion is contined 
to th(' most, commonly, n.scd forms of st.atistical charts, and doe's 
not include' d(*vic('s like' orf>;a.nizat ion chaiis, routin.t»; (‘harts, and 
othe'r charts in wliich the' suhjt'ct. matte'r is not st at ist ical. 

As it is uMsmne'd that, the' re'aek'i* has a. ^‘('in'ral appre'cia t ion of 
the* use' of charts, hut lit t le* spae'e* is f»;ive'n to ('X[)laininji; the* me'rits 
of ^’raphic pre'se'iitat ion as a whole*. The* me'rits of spe'cihe* typers 
and forms, how('\'e*r, are* care'fully (‘onside're'd. M\'(‘iy e'sse'ntial 
jxnnt made* in tin* te'xt is illustrate'd hy an e'xample*. As far as 
possible* the* practical use* of e'ach form of chart is .shown hy usin^' 
ilhistra,t ions drawn from act ual pra.e*t ieM*, t houfi;h in many e*ase*s it, 
was iH'ce'.ssary to re'draw the* chart, a, ml coneaRd the* ieh'ntity of the* 
sourea^ l)(*ca,u.so of the* (‘onfieh'ntial na,ture* of t he* data, pre'se'id.eai. 

Althouf»;h the* t,(*xt, is te'cimie'al, no te*chnie*a,l la.ngua.^i;(' has hea*n 
use'd winch is not fully eaxplaimal. Ma.t.h(*ma.t.i(*a,l te'rms which 
might not hei familiar to t.he^ husine'ss st.ude'ut haAa* Ixa'n ca.r<‘fully 
a,voide'd. Bas(*d upon e'xte'nsive* (*xp(*rie‘ti(*(* gaine'd in e'xplaining 
gra})hi(^ medhods to t-hose^ who were not, nnd.heuna.ticians or 
e*ngin(a*rs, t.he^ author has eaule'avoreal to use* a. langua.g(* tluit ca,n 
he^ unde'rstood edeairly hy any husiuessnian or husine^ss stuehmt 
who will give* it s(*rious study. 

This lxH>k may he^ said to lx* Large'ly a (*ompila,tio!i of points 
fenuid hy c^xpea-ieaice* to lx* ne*(a\ssary to an tinde*rstanding of 
graphic methods, ptiring the* time^ that the^ autlior wtis an 
instrueitor in the Harvard Oraduate^ Sediuol of Business Adminis- 
tration he gave conBiderable attention to the graphic pre^seiitation 
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part of the (‘ours{‘ m Business ^tntisties. In going through this 
work with Iwt'hn' difiV'nnit hiboratory (*lass<*s, a ean‘ful nssird 
was niatl(M)f tlu' points that had to In* (‘niphasiztsi in thr hs/turos 
in onl(‘r to get th(‘ best r(‘sults in making and untlorstanding 
statislieai charts, This work was eontinu<‘d in uni\'ersil y toa^di- 
ing in sontlua'ii ('alifornia, a.nd it has bem r('vis(‘d and adtlod to 
eonsid(a'a])ly in th(‘ authorks eonsuiting pra<*tiro, go\’t*rnnH‘ni 
r(*s{‘areh, and otlau' statistical work. 

ddu^ author wislaNs to (*xpr(‘ss his appreciation of Ha* iiclp of 
th(' many pc'rsons who iiav(' (‘ontribnted to the prodinUion of 
this vohmue H(‘ wislu's to thank in partiisilar I >r. Ifdinimd hh 
I)a,y, who sugg(‘s{(Ml tiic j)la!i for organizing tlie matcriah lil»crally 
supplicai ilhist rat ions from his til(‘s, and made many \ a luabl«‘ 
(uaticisms of th(‘ original manuscript, and the late t ’nl. M. i\ 
iiorty’', who wrot(‘ tlu' int rodiu’tion and made many imf>ortant, 
improv('m(*nts throughout tlu‘ book. He again wish on to thatik 
Messrs. ('ieorg(‘ J. Mb{‘rl(‘, A. J. H(‘tting(‘r, Thurston H. Hoss, 
William V, Kiaaich, 11. S. ikarktu', H. \\‘. Smith, John L. Nicel(*v, 
Clia,rl<Ns 10. Ihuay, and William iM. Holmes for valuable assistance 
in pH'paring th(‘ first (Hlition, Ika^p appreciation should also 
b(* (‘xpn'sst'd to Arthur B. h'ridinger, Lloyd Hogers, N. lOck- 
hardtj Jr., Thomas P, K(dl.v, I0rn(‘st IL (hiilford, Alfred S. Myi'rs, 
E, Von Huhn, and Alie(‘ Eobinson Griflith for vahialde .siig« 
g(^stious and assistaiUK^ in preparing the s(‘com! editicun 

The author also wisluNs to (^xpn'ss ai)precia(ion t<j tlie many 
IKU'sons, business organizations, goverimient dc|>nrtmmils, ami 
others who liav(‘ so HfHU’ally^ furnislual diarts ami other materialn 
for us(^ in this ()ook, Whil(‘ th<^ author Ims eudeaviu’ed to give 
full (‘redit for all (piot.-dions, matmaal, illtistratitms, «lata, ami 
ideUvS, it is impossible to acknowledge^ a<h.'quate!y all the assist- 
aue(‘ tliut ha.s l)een reeeivtal. In uuiny iiistanta^s, further 
acknowh'dgimad-s are made iu eonntadhm with tfa* i*xhiinfs nr 
in fooinohss. 

The author will w<‘.lcome any eritieal eomnumts on this vohiine, 
and a!ty Buggt^stlouH imlieuitiug how graphic praetici* «*iiti be 
further Htandardized will be especially appr(anut-<*d. 

John R. Eiaa liman, 

WASHusraroN, D. C,, 

February^ 1936, 



CONSENTS 

1*A<JK 


V 

I NTU<)I)l'< 'TION Itv M. (J. lioiiTV Xl 

CniAPTKR I 

(jliAFIlK’ ('llAKTS IN Hi^SINFSS 1 


N<M‘(‘.s.sity for (.’Hear Pn'siaitatioii V'iKunI Apjx'al Visual (Joio- 
parison Aid to Miunory U.s(‘ in Analysis I)('\M'l()])ni(‘nl. of 
Cliartiiif*: S.'ivinj4 of 'Tiuu^ Spca’ilic: Usc\s in Husin(\ss- Nocc'ssit.y 
for Study on Part of Us(‘r. 


CHAPTIOR II 

PuiNcinuFs OF (hiAirr Plannino (> 

Purpos(* of th(‘ Chart Siz(‘ and Proportions of tlu' Cduirt Us(‘ of 
Printed Iduans Standardization of Charts Aeeuraey in (thartiniii; 

H(*f(*n‘ntH' to Soun'o of Data, IinjiortaiKa’! of a, Cd(*;ir d'ith' 

Position and Sizt* of tlu' Tithv Spaedng and Arra.ng;ing; Diffiuaud, 

Parts of a Chart Bord(‘r Line-s -Use of Color- Pictorial Charts- 

(I(‘nrral App<*nrane(N 


CHAPTKR III 

SiMiU.H COMFAIUSONS OF SiZK BaH ChaKTS AND PlF CltAHTS. ... 17 

Choi(a^ of (hM>in(dri<^ Korins for Simple Comparisons of A{ji;ji:r(^p;at(^H 
Pictorial Kornis—Bar Cha,rtH — Vertical an<l Ilorizonta.! Bars — • 

Bar Chart Seules — Cuide Bines to Aid in R(Muling Sc.a,h‘s or Com- 
paring Bars--*“DeHignating liars- — Common ICrrors * Sho w inji; 

D(*cr(^ases or Loss(‘h along with TncreaH(\s or GainH - Systtanath^ 
Onhn' of It(vinH'"-Comparisons of DilTereiua^s- Common Unit 

Ne(H*ssary — Mechanic.al Bar Cha,rtH ComparisonH of the Com- 

ponemt Parts of tin Aggr<^gat(V'”‘-The Pie Cha-rt— Tlu'- CompoTHUtl. 

Bar Chart"" CompIicat<^<l Forms Should lie AvoidtHl— Pic.torial 
Forms for Showing Component XhiriH--"-C()mponertt Part-H of Com- 
IK>nent Parts— ComparisonH of Aggregates Mad(', ITp of Com- 
ponentH— -A Coininon Error xn Using Component Bara— Checking 
List. 


CHAPTEE IV 

HisTOExcAii Tim» Sbieibs— Arithmetic Charts 55 

Bnm Changes of a Single Variable over a Peeiod of Time— » 
Simple Pictorial Time Charts— Bar Charts for Time Series — 
Curves of Size Changes — ^The Arithmetic Vertical Scale — Impor- 



i'n.\TK\TS 


r>M.r 

of luriudiiig ’Arvu on tfn' \’rrtii-a{ Sra!o 'I1 h* Hon.tujfa} 
Soalo ICinphnsis of Lin(‘s Sonlo rtiil.s niul \umln*r of t 'iH.rWniaf < 
lanes Slunving Fins atnl Minus t^hnmi it irr*. Siuoofhr*! an*! 
Broken Ckirv(‘s Step Cnvvr^ Folar ( 'tMirtiinafo:. 1‘ro'rnfo:' 
Tabular Data lUi ('harts. 

(a^MpAiusoNs OF Si/.K ('ll \NUKs IN D I FF KH i: \ I' ‘ Ih M r: \ \ni'.tu ! 

( thoiecMiif l'’orms Bars anti ('nrves Seal<‘s f«»rSi*’f ( ’inttpai i mu 
I )itTi*n*nt iat injx ('urvt*s Desiij;nat inji; ('urves XunilnT tU' ( 'm*. *- 
St antlanli/.at ion Ran]^t;t‘ of Wariations Dtuil>!f 'rutu* Sc.dtr 
DihV‘n*nt 'PinK* Seales Smoot I hmI and I>ntlven ('nine in ('tunpriri 
sons Shadiiuj; lt> Show I )itTort*nees Indie.atini' I'Mit f.-i f . 
('oMI‘oNKN'rs OF K 'PlMK \ MUMU.F (’leM<’«- of l orm iP'il ;i nd 
(hirvt's Dt‘sip;nat tn|i Shaded Areas Art nal Sna-s a nd Frrt’m! ;tet' 
OvtU'lappinji; A ( 'ommon Pirror Shailiiu» ( ’oinptmt n! 

('HAF'risK \ 

Histouifal 'PiMH Skuif.s i(’ontinffi>) hot;\nrruMn' rn^ni iU7 

Ratfs of C'uANtii': in a 'I'imh X'auiou.f Siinplieitv »»! the 
arithmie (kirvt* Seales for Lo|i;arit hinie ('tua ts' Smultun'ii it hnuf 
Faptu- and Rulinji; 'Pt'st for the Loj^a rit hmif Seale 'Ph'- l-ta." 
arithmie vSeale Has No HastMu* Z(*ro lam* Si^udtieanee of Slope; of 
(hirvt's Smoothin}i; ho^arithinie (turves. 

(loM PAUISONS OF H A'l'HS OF (hlANUH IN'PwooU MoUF. \ MUMUIv 
Only \’ortieal Distanet's Should Be ('oiuparetl Scab* I nit: aiul 
I )t‘si;^na t ions (A)inmon Dnits Not Nee<*.s.vary in ( ’t»in|»aritu’ Hat**;, 
of (Jhanj 2 ;t* Ctomparini^; Data of Dnlike 'Pino* Diitnbution 
Staiulartli'/ation t»f Seal<‘s Shiftiuj^ ('urves ftu* P'.ase of (’tuopaai 
son F(‘reentai 4 :e Ii(*lativ<‘s 'Plie Simple Fereentaj'e Methtnl 
Standard D<‘viations (tumulativt* and Non funudat ive Serie: 
Suiunuiry of Draphie M(*tho<ls (tht*ekinff last for ('urvten 


DHAFTKR VI 

FltKtjUKNl'Y OUAUTS ITJ 

('ontinuouH and Broken Serii's Bars, Broken ('nrve-y am! 


Smoot ht*d CturvoH in P'nMpnmey (Iraphs Seales ftu* Knapieney 
(Iraphs OhiHH IntervalH D('Hijj;nntinK (tlasH Intervals SuMauh 
iufi; ii Kreqmmey Chirvi^ ■ 'Cuniula-t'ive Freqtteiiey (kirves ('oiii" 
pariHoiw of P>iH|neney DiHtril)utionH. 

CI1AI‘TME VH 

CoHEKUATiON CutAHTH Ifi7 

Hwtorie.al Curves and BeaUt^r Duigraiim in Corri'lation Frimary 
and Secondary Corridation-'' ■Hintorietd Tinu" Hmaen and Kret|uem\v 
Series DistinguiHluHl from Otht*r Correlative Herien • Comdalion 
Chart Scales—'Binoothed ami .Broktm Curv<»M- 'Fositimi of the 
Curve— Indic.ating Di^grtn^ and Typ(^ of Correlation CIraphttadly ■ 

Estimating from a Correlation Curves -Comparimm tif Correlation 

Curves* “Use of the Logarithmic Beale, 



('(>,\TK.\TS IX 

Pa<jk 

cnwrKK vni 

( \L I >isTunn Ti<)xs Statistk’al Maps 172 

Maps Methods of H.epn'spiit iiig Data Simple' Com- 
parisons of Si/.o for ( M’o^ii;ra(>hic Points or Are'as Deaisitie's— Mow 
Maps ( loojj!,ra piiii'al I >ist rihut ions W'lu're Somethin}*; Otlu'r 'Than 
Arna Is a h’aetor (hs<' <»f (’olors in Statistical Mappiii}*; Com- 
parisons of ( leo”;raphieal DisI rihiit ions I’he Map-laedc Syst <‘ni 

Map Mount Map Markinji; l)(‘vie<‘s. 

(dlAP'rKR IX 

1 )rpi,n’ A'l'ioN, K KpHonri'TioN, and Display 20 t) 

Hhu'pi int in}* Drawinj* for Plioio}u!;r.M{)liic Rnprodindion 
Phot<»stat (hits or Plates for tin' Press Ih'ii Day Shadinj*; 
Mimeoiii;raph and 1 h'ctogra})!! PanP'rn Display Display 
h'ixt ures. 


APPKNDIX 

'I'KCHNIgl'H OK DUAWINO A N 1» PK'rTKUIN( i St ATISTK 'A 1. Ch A ItTS . . . . 217 

l)UA\\iN<i I'AjKiPMKN'i' AND I'l's UsK (diartiiif* l’a.p('r IViKUls — 

'riu' 1 )ra win}* Hoard 'Fin' d'-Sepiart' 'rria.n}*i<'S I rr('}»;ula.r Ciirvexs 
and Mexihle Huh'rs Scales Protractors ('ompass<\s and 
Dividers Huliii}* Pe'us Ink Drasers Tintin}*: Shading— -Opti- 
cal Illusions (A>pying D<‘vic(*s Mounting and Adlu'sivc's. 

Lkttkhino Sty h's of Letters llarnl Li'ttc'ring L<'t t(‘ring Inst.ru- 
inents Cein'ral Proportions l''n'('-hand Singh' St rok(' Lct.te'ring 
Vertical Singh* Stroke Capitals Ve'rlical Lower Ca,S(v-“ hn'lijH'd 
C'apitals lin'lined Lowe'r ('ase* Clommon Mrrors to Bo Avoided 
Large Ckmmn'rcial ( lot hieS 'dlandnuKh' Mexh'rn Roman vSpaedng 
M<‘<'hanieal L<'tt(*ring Tin* Drafting-room Ih’inting Pre'ss - 
Ruhhi'r Stamps Pasting on Printed Tith's Cut-out Lette'rs — 
Ty|)ewriti*r Li*t t(*ring. 


1 \ ni-;x 


245 




IXTHODIU’TION 

All (‘inin(‘n( sci(‘nti.st has (l(*fin(‘({ lani2;ua^(‘ a,s ‘^a.ny (‘(xh* of 
sig;iials (‘apahlt* of r<)nununi(‘atin.ti; information or thought.’’ On 
this iiasis iu‘ has assc'rtcxl that a lanj»;uap[;(‘ mi^’ht Ix' (l(‘\'is(‘<l in 
t(‘rms of any ont' of th(‘ pliysical s(‘ns(‘s. Tlu' Iangua,g‘(‘ of t.()ii(‘h 
nii^ht ht‘ nothing luon^ tiian th(‘ Mors(‘ t(‘h‘gra.ph codi' trans- 
mit tcxl liy nu'ans of a s(‘ri(‘s of ting(‘r taps; or it. might. Ix' the 
(anbosstxl typ{‘ used by tin^ blind. ddu‘ la,ngua.g(\s of t.ast(‘ and 
snudl might (xpially w<‘Il lx‘ const ructcxl in th(‘ form of arbit rary 
codes of alt(‘riiat ing tuid smxx'ssivc tla.vors and odors. And t.h{‘ 
laiiguag<‘s of sight ami h(\*iring, as our {‘V(‘ryda.y (xxp(‘ri(mc(^ 
t('Ils us, an' nothing more' t.han arl.)it-rary codes of ic^ttcu’s a.nd 
sounds. 

In \vhat<‘\'<'r maniH'r languages has (l(‘V(‘lop('(l, it ha.s gtvimul in 
lin'adth and fh'xibility and compn'hensivc'm'ss as it has bcuxiim^ 
more' arbitraiy in form but, at- the same time, it has lost in 
vividness, ddie uprais(‘d hand of the traifi<‘. policcanan sptaiks 
in a Innguagt' <'lea.r<‘r (‘V(‘n than that ■which us(^s whcai his 
signal is disregard(*d, A hand (‘lasp, a smil<% or a frown may 
say more' tlian any writb'ii pug<\ 

Th(' out stam ling factor in all langiuige, in all the varic'd ways 
in whicli we pen*eive our (‘uvironmeiit and (X)mmunicato with 
it, is th<^ pn'doininant infiu(m<‘.e and importamu^ of the visual 
sense* The grc'atc'r iiart of our nuunorkis, and p<a*haps 90 p(U' <*,ent 
of OUT (x>nstructiv(^ thinking, is in tcjrms of visual images. Tlu^ 
man wlio ean most HUc<*esHfully plan a (‘-ampaign for tlu^ fxitun^ 
is tliat OIK", whf) (tan most clearly sett the stages in his own mind 
for the play that is contemplated, and can makc^ his actors carry 
out the phantom drama to the end without missing an essc^ntial 
move or gesture. Those who have this power of exact thinking 
in terms of visual images are usually unconscious of the methods 
by which they arrive at their conclusions. Many great mathe- 
maticians and physicists work out rough solutions of their prob- 
lems by th^e visual methods before they apply the final check of 
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inatlu*inati(*ai funualas; hut tht*y ran‘ly «*au (Ifscriht* tla* lypr u|’ 
imagery wliicii thay tauploy. 

This .u:taH‘ral uiu‘()nsciousiH‘ss of tin' axttait Jo uliirh thought 
is (‘X|)r(\ss<Hl in tta'ins of visual inia.^as is, how r\*ar, flu* host of 
(‘vidaiHM^ as to thr ixaw’asiNaau'ss of the s<‘iis<‘ of siujit in our lut'iita! 
pro(*(‘SS(\s. \\'(^ (jrdsp a sitnilr to stnh't tha iiuaidnat ion of a 

r(‘a(l<*r until his thou.t;‘hts run with ours, and aarh word ifaliaizad 
n‘pr(‘s(‘nts a priiuitiva visual iina^a st(d(‘n from its oriidnal saust* 
for a hroa(l(‘r us(‘. 

With this fundamantal ha<dvj»;round in human hahil-- and 
(‘Xp(‘rianaa, no apology is n<‘<*assary for tha attanti<ni w hiali ha:' 
l>(‘an givam in raaant yaars to tin* stu<iy of graphias as an aid !a> 
statisti{*ai prascmtat ion. 'Flu' old facts ot hiisinass and luumin 
(‘Xpari(*na{‘ ar{‘ \*alu(‘l(‘ss axa<‘pt as they lead to naw action, sanely 
annatavi'd. Such facts must, in tht‘ m.ain, coiitima' to ha pra 
s(‘nt(‘d on tin* printtsl page* hut^ on such pages tin* cold figures 
of a halanat* slu*at, or the* massive* (’olumns t>t a <‘ansus report, 
sp(*ak in a!(‘ar ioiu's only to tin* (*xp(*rt who has the tlmr fti r«*ad 
tlu*iu with can*. ld)r tin* oniinary husinass man, or a\an for the 
l)tlsy (*xpart, tin* typ(‘d page* must, (hare-fe)n*, ha\«’ its supph* 
uu*ntal language* a langttage* \vhie*h will ht'lp to bridge tin* gap 
h(*t\V(*an the* arbitrary type‘<i symbols of wm’ds and figure’s, anei 
those* !n<‘ntai image*s and that ale*arne*.ss of compre*he*nsion which 
must ht* (•re*ate*d he*fore* action e*an e‘nstie‘. 'lids sttpplamaitt al 
lunguag<* is tlie* hinguage* of gra]>hics and the* assemtial ami some 
what imi(|Ut* thing that Mr, Higgl<*man has thnia is tee te'aah lh<* 
languagi* of graphics witlmtd at the* same* time* mun‘c«*ssaril3’ cent 
fusing Ids re*aele*r hy atte*mpting te) te*ae*h the* se’ianca eif slalistie’s. 

ddu* dist,ine*tiem be’tweam the* language* id' graphie*s anei the* 
seievnae* of .sta44stie*s is as W(*ll markt‘d as that lM*twt»e'n the* man* 
ability to re*nd and write* anei the* spe‘<*ial skill e»f a lraim*el jemr ' 
ualist. Auel just as Utt* tUiimate* star n*peHie*r must lH*gin Ids 
tamHu* hy h'andng the* alphahed., the* veHuihulnry, ami the* grammar 
of the* language'* in vvhie'h he* is to write*, ho also t!u*n* is muoh 
advantage for the* l)(‘giuu<*r in Hbitistiess, and in many rimes for 
the^ trainenl or naturally giftenl Htatistie‘ian, in studying tin* ididiii- 
be^t and gra,minar of graphiexs an a thing a})ari frenn the* e*liibe>nm 
tions of statistical teadmiciuen 

Mr. Rigglenum has also done^ another thing whlvh is wortliy of 
remark. He has built his book out of coi>ious not<*s dmmii from 
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])r:u*tical (^xpt'rit'iK'o in tlu^ Icvu'hing of gniphical nu'thods to both 
<*oll('g-(' stuch'nts and l>u.sin(\ss inm. lilts is the sumst guaninto(‘ 
of tlu' pra(di<*al us(‘fiiln(\ss of the voliinua 

11) say this much of ^'niphi(*a.I pr(‘s<‘nta.ti()n in ^(‘iKU’al, ajid of 
Mr. K,ip;i»:l(‘maids hook in particuhir, is not difficult, hut it is l(‘ss 
(aisy to a.(‘C(‘d(‘ to t lu' rcspu^st that th(‘ vYrit(‘r should illustrate his 
point of vicnv hy s])(M‘ific sugf>;(‘sti()ns arising from his own (‘xpeui- 
(‘inaa 11u‘r{‘ is litth' that (*an ])rop(‘rly Ix' inclmUsl in tlu' hin- 
giiag(‘ of graphit‘s whidi t h(‘ pnNscmt t(‘xt. has Id't uncovcaaal. Any 
ami)lification of tlu' suhj(‘ct must, ttua-d’oia', Ix^ in tlu' din'ction of 
indicating tlu‘ maxt. stc'ps that na.tura.lly will h(' t,a,k(‘n hy tlu^ 
stiuhmt. afttu' h(‘ lias mastiuaal the language. In this r(\sp(‘ct, 
p{u*ha])s, th(‘ gr(‘at<‘st principl(‘ in husiness statistics is tluit ('V(M*y 
single' pn'se'iitation to tlu' i'X('<‘ut.ive, wlu'tlu'r graphii'a] or otlu'r- 
wise, should carry its (h'fmite' messa.g('. This m(\ssag(^ may Ix^ 
“n'st conti'iit with ttu' situation as it is^^; or it may he ‘dnvc'sti- 
ga.t(‘ in furtlu'r di'tair’; or it may he a eail for definite' ac'tiein. 
But» in e've'iy e‘as(' seime' me‘ssa-ge must he' e'viele'iit. Hiere' is nei 
gre‘a,t('r (‘einlessiein of we'akne\ss in husine'ss st-a,trst,ic8 tha.n fe>r the 
exe'e'utive to say, ‘‘Very inte're'sting — hut what shall we do about 
it?” anel lor the' statistie'ian te) answe'r, “1 do not know.” 

A sex'ond important princi{)le is that eif appreiaching a, elifficult 
or confuse'd problem piee*emeal, and stx^p hy ste'p, without insist- 
ing that thei entire method of solutiein shall be evidemt from the 
beginning. In sue'h cases it is always peissiblei to selee't oiui e)r 
more fae'ts, or wliolc seriexs of data, which must obviously be 
asseml)led liefore any answeu' is possible. Whem tlicse faed-s have 
been gathered togedlier, plotted and analyzed, they will (|iiite 
e'ertainly suggest the need for furtheu’ fae'ts. And, sooner or 
lateu', if tins proexxss is r(^})eated, the direct road to a solution will 
present itself. 

Idle two principles just stated are, perhaps, the most general 
that apply in business statistics. For this reason it may not be 
inapi)ro})ria,t(^ to mention them as an introdiietion to a volume 
which is characterized by the simplienty and directness of purpose 
that are so evident in the pages that follow. 


M* C. Roety, 




GRAPHIC METHODS FOR PRESENT - 
mG BUSINESS STATISTICS 

CHAPTER I 

GRAPHIC CHARTS IN BUSINESS 

In any well-managed business enbu’prise, and particularly 
in a large one, there is, and must be, consciously or unc.onsciously, 
a very great dependence upon statistics. And as business 
])(‘comes more complex and definite ])lanning of operations a.nd 
polici(\s b('com(\s more essential, gnaitxu- us(^ of actual statistical 
facts must sup(n\sed(^ much of the guesswork tlnit now too 
commonly constitutes the bases of executive dcaasions. Tlw. 
average business man, however, finds it difficult, if not impossible', 
to read or analyze columns of figures and massc's of dat.a rapidly 
enough to base his decisions upon them wlu'n, as is ordinarily 
the case, he is forced to decide quickly. Fortimatc'ly, pag('S 
of cold figures can bo made to speak in clearer toru's to tlu' busy 
executive if translated into the ‘'graphic languagm’^ R('aliza- 
tion of this fact has resulted in widespread use of statistical 
charts, especially in recent years. 

Millions of dollars are spent annually in tlie collection of data 
to be uschI in analyzing business. Usually, howeven-, when tlu^ 
nKuisurements have been made and recorded it is difficult to 
ai)pr(Ruate the relationships. Even when data havci bocm 
(carefully studied it may be almost impossible to show that tlie 
conclusions naiched are correct and sound. It often happems 
in a mcHding of a committee or board of directors that a sound 
and carefully prepared plan is rejected simply because the facts 
prcisented are not clear. Though it is important to have acscuratci 
and significant data, one cannot get the most valuable results 
unless the methods of presentation are effective. 

When statistical magnitudes, changes, or distributions are 
presented in tables or written description, it is not easy for the 
average mind to grasp or appreciate the relationships and their 

I 
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by inkinu; a<i\ jui! .‘me ni ihc «’M!Hh!ioN 
that any bu.sinc.s.s fai*t that cati bt* nM’asurad can I'c prc-rnfcd 
graphically' by means <»t’ diagraius ( a' chart s, ue are able teappi'al 
ta the mind through tht'cyc, through uhi<di m«-(}iuiii man (cauly 
compares, (dther coMS<dously or subconsciously , leniuh>, areas, 
and N'ojumes. 

It is a^ l'a<“1, (‘ommon to the <‘xperience of e\«a*yone, (hat ii \\e 
wisii to get a conc(‘ption of tlic size i>f a certain object can 
do so much niore easily il uccan niak(‘ a direct \ i;'Ual compari t»n 
of tile uukuow !i maguitmic with a known magnitude, ‘blius, u i- 
much (‘asim' to estimate the licight ot a v\all it a man <*! kno\s!i 
height stands bi'side it. Hasial <m the same primapit', an imp!e> • 
siim of tliis comptirison may ix* con\a‘yet{ to another p^a'-em by 
nnaans of a picture of the obj<‘els \ itwvaMl. 'ppis meihoti i - iliu- 
tratmi l>y laxhibit It) on page IS. \\hi<*h indimates clearly fiie 
gnad size of th(‘ .{(Ftiinti in by picturing an eight-car train upon 
h(‘r deck.) Nearly ex'eryone has a good idea of the : i/j oi a 
ptissiaigta* train and can pictun' it in ids ndnd's eye. 

Not only ar(‘ graj)hi<* cliarts waluafde in pre.oattmg UU' 
n{‘ss statisti(’s for (airraait use but they are \aluable aid' !<» the 
nuauory. ddn^ great majority of jiersons can lemembtr tie* 
shape of i\ eur\a* mmdi mort* easily th.an lln\v can tin* \anaiion 
in a column of statist ic.al data. 'The shape of a cinwe will gi\e 
<lir{*(‘tly a menttd piidun* of the changes in, for inrtanee, sale a 
production, cost living, or iin-oim* over a emiain period, and 
thest‘ visual imprt'ssions am mom clearly rememberiii by movi 
p<a‘sons than aetmal tigun's. 

Om* of the grejilost. values of the graphic chart is its use in llie 
amitysi.s of a proitltan. Invariably a tdiarf tarings up many ptics- 
(ions rtajuin* cartd’td consideration ami often fuiittcr 

n‘s<‘a.r<’h bchax* a sa.tisfa<d<iry <»omdusion can bi* rcaclaab A 
prop(‘rly drawn tdm-ri gives tis a. compndamstv f* piidun^ of tin* 
siiuatJon, lt;> will not Itring ntit nvw facts, Iml it will bring out 
lu(l<lcii fn.cfs* 

Wldh* tdiart-s bring out hidd(‘n fiuds in a laldt* mass of 

data, t■h(‘y vannot iakc^ the plact^ of camfnl amdysis. In fact, 
(diaris tnay la* dangtwous dtwdn'H wdmn in the hands of Ifmsc 
unable or unwilling to haw* their interpretations iijioii ciirefiil 
study. 'Tlus, howevc‘r, <loeH n<jt iietriud. fr<iin their value wdien 
propiwly mnd m aids in solving Htatistiea! problems. 
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Engineers and technical men have long realized the importance 
of graphic charts, and in recent years their value has been widc'ly 
recognized by business executives, salesmen, advertising men, 
l)ank officials, lawyers, and others. Graphic charts have' ofb'u 
IxH'ii thought to be the tools of tliose alone who are skilled in 
ma^thematics, but one needs to have only a knowledge of eighth- 
gra-d(' arithnudic or decimal fractioTis to makc^ and us(^ inl,(dU- 
gcait.ly (‘V('n the logarithmic or ratio chart which is considcvnxl 
so formidable by those unfamiliar with it. 

In many up-to-ciate plants at the presc'iit time excuaitiv(‘S 
and managers value their cliarts as liighly as ('iigiiuxa's value 
th(ur drawings. Daily n'ports are })res(vnt(al in graphic form for 
comparison, and at a glance oiu' can aj)preciat(^ the staU^ of affairs 
in his business. To most persons columns ol figun^s an^ dry and 
uninteresting even though tludr study is vital to the succ,{‘ss of tlu^ 
firm. What the executive desires is a ])r(‘seTitation of this mat(v 
rial in a form that will permit him to grasp easily and quickly the 
(‘ssential points, and graphic charts are a means to this (uid. 

Graphic methods are used for pn^senting all kinds of statistical! 
dat a. They may be used extensivedy as part ol a wcdl-dcnadopcxl 
stat istical dc'partment or to a limitc^d extent wluax^ a few impor- 
tant facts are recorded by a bright ckndc or scaa-cd^ary. Cdiarts 
may be kept of the internal conditions of a firm, and along 
with these the executive may directly compare ext(u*nal (amdi- 
tions with the situation in his own business. Idxhibit 1, as 
well as many other exhibits in this book, presents some examples 
of actual uses by business firms. 

Graphic charts furnish an excellent means for ke(q)ing a 
perp(d.ual inventory which will show at a glance the value or 
amount of material on hand, how much is added and taken 
away, and when the danger point is reached. The credit 
manager finds charts valuable in recording a customer \s condi- 
tion, especially his ratio of liquid assets to current liabilities 
with reference to their position in the business cycle. Working 
hand in hand with the credit manager, the collection manager 
can determine at a glance the financial standing of the customer 
and wliether or not it is possible for him to live up to the t(^rms 
he has made with the company. In studying costs there is a 
great field for graphic charts. In fact, it is in. this field that 
charts present some of their most surprising and important 
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n‘V(‘lat ioiLs. llunH* is almost no limit ttr tlu* us«* of (‘harts in 
analy/inp; labor staiistics such as labor lurno\a'i\ fiHi(‘ and 
motion siudi(‘s, (‘aus<\s of ac(‘id('nt, or payimait plans. In tin* 



Exhibit L' CthartM of iiitoriml uw'ti Uy Wontorii Klwtrir i'umpmty 

(/I* /i, 77 mid D) ami Ka«tinati Kodak <*o»i*|i»it*y {I, S, and 41, 

Bales and i)ur(‘,hasin|*; di^partinentH, eluirtH are u«*ci to k«!p ilie 
manager in toucli with the ])rogn‘Bs of events laitli itwide and 
oiitside the firm. The study of financial giailatlcs ii ircmify 
aided by charting the data to show amouiite and f$,tm of cliinigt* 
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One of the most important uses of the graphic chart is in forev 
casting earnings, expenses, sales, production, etc., for periods of 
from 1 to 5 years (revised periodically), and tlien in comparing 
actual and forecast results. The graphics method us(hI in ihis 
way, in connection with each element of the l)usin(\ss as w(‘ll tis 
the business as a whole, is one of the most effective of all methods 
of supenwision. 

The pna^eding uses and many others will be suggested to the 
reader by the occasions which arise in business j)ractic(^ if the 
fundamentals presented in this book are carefully studit'd and 
assimilated. 

If graphic methods are to be most effective, it is nec('ssary that 
those to whom they arc unfamiliar give some atteniton to tlunr 
fundamental structure. As simple as they are, tlunr iis(^ and 
interpretation will be weak and often incorrect unless oin^ under- 
stands the principles upon which they are based. For irista,nc(% 
one is not likely to read an arithmetic chart correctly unh'ss lu^ 
also appreciates the significance of the logarithmic chan*t. To 
explain the principles underlying the construction and us(^ of tlu^ 
commonly used practical types of business-statistics charts 
is the object of the chapters which follow. 
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PRINCIPLES OF CHART PLANNIN(; 

('an'ful plannini;' should pfrcodo lia* acliiai drawina «»! :o.y 
p{irti<adar chart. Mrst, oiu* must accuraf<‘i> (h i. j-muif !!ic 

purpose of the chaih. 'riaai one must srlrc* fist- piMp.-r ? y p< 
chart and <iccid(‘ upon tlic proportions, iorin, tiiN , « if . thai 
will hf'st, carry out the purposts 'To con^idt-r f le* »• i- liif oLjrff 
of this chapt(‘r. 

Purpose of the Chart. Two hroad .aroups of a rapine riiai? , 
naiiudy, workint^ charts and linisla’d chart . hofild ?»»■ di 

tinat'tdshed clearly. W'orkiraa; charts are ir- u.-dly on 

{‘oordinat (‘ pap(‘r and an* uidiidslied in appearanee. I mt iif d 
(‘harts ar(‘ ordinarily drawn ujH)n plain drauina papei' ! »> a, 
skilhal draftsman with (h<‘ aid of drawinii iir-tnimenf , Ti e 
st.at'ist itdaii, in inakinji; his analyst's, uses many uoiiana eiiaai 
which may lx* of \‘alue oidy (o him and u hieh offe!i iat^o only a 
t,(‘in])orary or transitional valin*. Sueli charts are not Hidnmiilv 
carri<‘d Ix’yond Uk' sta^n <>f p<aicil phittin^!; on eomdmafe paper 
But. if t h(' chart is loapjx'ar in a formal report or f u infi d peddica* 
lion, a fmislual drawing should 1m‘ prepared by a sinlled tale heal 
<lra,rt.snuin. Ihd’on' pnaas'dinK witli the work on a fini’ hed 

drawing, oiu' or mon^ working charts ordinarily shouhi Ih* 

‘ U, is n.ssuinc(l in this hook that tla* render fins n worldcK knMV%l» d|.a ol 
th(* u.s<‘ of (1 m‘ usual iiu’chnincnl dniwing iitslruauatts nini lIcU lie hs' ’ Pnin d 
l(‘lt ta’inp;. now(*vci% for llu‘ \is(* of those \vht» uuiy not hu\e had foo h f nnii 
uud as a,u aitl to thosi' who an* interested in speeud sfatednad ■drattnirt 
pnieias's and sluirt <*uts, an np|H‘iidi\ nu stntistieal dra\Mn« and lefu imic 
is provid(*d on pi). 217' 2-14. Kor the renson that tin* Itcfj'jnnini!* ‘UafcdiriMn 
{‘a.ii off.<‘n us(* Ids knowltalgt* of Mtatistical tlmfting as a incaus of hn-uimp, a 
position, ea,r<d‘ul iittt*ntion to 'UuMletuilH dtseusHed hi tihsappendn is Miroiigly 
advisiai. A t.cehiue.al knowhalgi* of the act4m! use of ins! riuneftis mni limner'- 
lag is also v<*r.v h<*lpful to tln^ expericnecd sfatistieian or exia’ntive in super- 
vising chart work and in judging its (pmliiy. It nbo lielfw one to rend more 
eornaddy and ae.e.uratidy ilm data prtmeutetl in tho gr»|>lde hingtmge m li 
r(*(iuir(*s grcat.ta* aihmiion to certain detail than m imrewiry in iimkiiig 
working charts* 
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prepared as a basis for more accurately determining tlie use of 
the chart as well as its form, proportions, size, etc. 

It will be evident from the probkmi at liand wh('th('r or not a 
working chart is required. In this discussion, principally tlu' 
d(‘tails of making finislu'd cliarts will b(^ d(‘S(*rib('d for tlu^ rc^a-son 
that, if th('S(^ ar(‘ understood, there will be no difficulty in making 
and using working charts. 

In planning the construction of a chart for a rc'port or a 
])ublication, a cardinal principle to be r(‘m('nib('r(Hl is that tlu^ 
ix^ader’s point of view must always b(^ k(^t)t in mind. VVh('n 
tlunx^ is a question as to which of s(‘V(M*al nuhliods should bo 
us('d, that method should l)e choscm which will tnuibh' th<' r(‘a.d('r 
to grasp the essential points the most ('asily and ch'arly. It 
ofU'ii happens that the chart whi(*h is (‘asy to ma.k(' is difli(nilt 
to nnid, and that the chart which is (aisy to n^ad is difli(*ult to 
make'. How(‘V('r, since tlie chart is nuuh' for (h(‘ r(‘ad(U’ rath(‘r 
than for the rnaken*, the decision on any point should b(^ in 
favor of the n'adcn-. 

Wlum charts arc‘ pn^pan'd for the us(‘ of tiu' skillc'd (‘xcMad-iviq 
and at his recpiest, it is to be presumed that he knows (‘nougiii of, 
or will make an effort to learn enough of, tln^ techni(*al principles 
of the graphic language to enable him to rciad his (duirts (ffTec- 
tiv(^ly. But wlien the purpose of a chart is to make a,n a,pp(^al to 
the casual or untrained reader, simple methods, whi(*h aix^ alrea,dy 
familiar to the person appealed to, must l>e usiai. Plain t(u*,hnic.al 
graphs will be used by the executive or the board of direndors who 
already have an interest in the subject matter to b(i pre- 
sented. On the other hand, charts for tlio untrained readen* 
may have to be in some popularized form such as those in 
which pictures or cartoons help to attract attention and bring 
out the facts represented. Charts will vary all tlie way from 
Iiopularized cartoons representing simple sizes to technical 
scientific graphs, depending upon their puriioses and the training 
of the prospective reader. In pojiular periodicals the tendency 
naturally is toward the use of simple diagrams, while in technical 
publications there is an advantage in using the customary 
technical forms. 

Size and Proportions of the Chart. — As mentioned' previously, 
charts are usually first made in the form of working charts, 
especially if they are complicated. Before starting work on a 
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iinislH'd chart that is to 1»<‘ niadf* from a utirknic chart, u is 
often wvW io outliiH* it first as a nitj^h tiraft in Mni^r Hiat liir 
Ix^st proportions may Ih‘ tit^tonuiru'd for the tinal (irau imy 

siz(‘ of a chart should }»t‘ deterndned nn ih*- ha i' «»! cmii.- 
v(‘ni(‘nc{‘ in handiinji; and ease of n-adinn. It i oft* !! hr i lu 
iiav(‘ s(‘\'{»ral small charts instead of a larae on*', e : prriaJ’y if 
this lar”;!' chart has (o lu* folded. A feldrd ci!;trt i a!c. ays 
<lifiicnil I o handh ^ and is <*asily da niaard. d'hris' i a t»aci'c:r\ ui 
mak{‘ charts larfi!;t'r than necesw.ary. a crn» !a.i nih . h«cse *,» !■, 

it is h(*st to us(‘ th(’ smalh’st size (hat <‘an hr fra<i erjo,* nnainy. 
dlu‘ larn;(*r th«‘ numher of charts that can in placrd uprii unr 
pa|»:{‘, without makiniA’ them so .sniall that they air ;ha-rd fu 
riaacl, tin* greater will ht* tin* <*on\cnienee in u inc fiimj, 



An cxccf d ionally long chart for msfanr'cn onr pie-rntnig a 
tim(‘ s(*rit*s |>}otted hy months o\er a peraul »»| hht y« an may h* 
inad<‘ mor(‘ convenimif t<i handle if p is hrokim up inJo, ^ay, 
20 charts and liound t<igcthi‘r in Inatk fiU'm. 'The eoma coiiwr 
pages then form a. confiimons chart acros.s the luejik hriueen 
pagess wlien used as illus! rntial in Kxhilnf 2 

In maJiing a large idiart, such an Ihimr- in hAhihif :i. it is ad^in-. 
aide io lay it out in tUdail in small fVuin ami then enlarge p to 
tin* d(‘Hin*d size*. For instamay n wall char! nngtil fii>! he Iiini 
out. 0 hy 12 inches ami t lien imlurgial to 3 liy !l fcci , all diiiiciif^ioiiH^ 
widths of lines, lettering, <*!<*., heiiig enlarged exiicily m% tiling 
(linear). Tire small eliari slnmld, of cmirHC, he enrcfiiily rtiia’k«t 
ftn* accuraty bedore it Is enlarginh 
Clia-rtH may Ik* enlurgial hy a tlraftsiiiiin hy Intittl nr hy pliiitii- 
graphi<5 irrocesses. If <mlargect hy a driiflstniiig tiny iir«* ttMtully 
drawn in pencil on luawy pfi|K*r and traced on irmdrii cir 
paper, from which a Van I>yka and bmwti- or htncvUne iirintu are 



PRINCIPLES OF CHART PLANNING 


9 

made. Often the most satisfactory and least expensive method 
of making wall charts is to enlarge skillfully drawn small (diarts 
by pliotographic methods. The best photographic process is to 
make a small plate with a camera, and from this platen to make 
an enlargement of the desired size on a special thin pa])er. From 
this enlargement a Van Dyke can be ]:)rinted and tium any 
number of brown- or blue-line prints can l)e ina-de. Satisfactory 
enlarg(unents are also made by the photostat method. (For a 
description of brown- and blue-line printing and the photostat 
process, sc^e Chapter IX.) 



Exhibit 3. — Wall charts ot statistical data used for oxhiliition xiiirposos. {Cour- 
tesy of XJriiUd Bureau of Foreiun and Domestic Coynnierce.) 


Use of Printed Forms, — Various kinds of ready-ruled forms 
and coordinate paper can be used in charting business statisiicis. 
Some (examples of such forms are illustrated in Fjxhibit 4. These 
forms are convenient for preliminary graphs and working charts 
but they are rarely suitable for finished work, such as that 
prepared for formal reports or publication. Even in making 
working cdiarts, it is often easier to draw a special form to fit the 
probleiti than it is to fit the problem to a ready-rukid form. 

On finished charts, no more coordinate lines should be shown 
than are nec(^ssary for tlie purpose of reading to the required 
degree of accuracy. It very rarely happens that standard 
coordinate paper is so ruled that it has the desired divisions, or 



lu u'i^Ariiii iffi* 

! hat a t'liart luada <ai ii pir.^r!?: ■ :> 
finislH'd. W lifu rhar(> <‘afi 
<l('sii‘abh‘ to luako uf » /ino plar* ' < a- 
|jnH'(‘>;s ill uiaka* to sriMirt- jirt fo( 
r(‘{|uirrd. In souio ra^'a*- pfruiaat !; 



Kxiiatrr 4. t'or |m*linufMirv ‘liioiw- 

PUUii'nUthml Om < 


jmiit(><l on the oriMiinul imjinr, U tltc i-.iitniinnif Imih un' 
propin'ly Hpaccd, iiccumlc pluniiiK nut in- ili-tn- 1 m-uvitii iltftu 
liy UHiiiji! th(* riKlit dn-innil Ni-nifs, iiy UHiiin lin- Hnil<- tw liltiHtralnl 
ill 10x1 libit. 229 on piijjijo 1#23|, or hy Hfiotdfil «iut «if 

thin 8tiipH of tahlulnitl, marking tin* ilivimniw witli ti lvnif»-4algr 
ami filling tlm gr<K)Vi‘H witli hlark ink. 
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Standardization of Charts. — A (H)i\sid<M’a])I(‘ anioinit of time 
and labor can Ix' saveal by standa.rdiziii^’ ^'rapliic* forms \vli(a*(’ 
possible. By using charts of the same size and which have tlu’ 



/?. CanlH placed (nid to on<l to form a aont.imiouH oha-rt. 

Exinarr 5.“ Staodardiist^d <Mir<l roaonln, (AIho illuHtratioii of \mo of typewriter 

lettering.) 


sam<^ scale intervals, (‘.omparisons (uin bo made l)etween diff(n’(uit 
(^harts as illusiratcKl in hkhibit 5, A and B, With the charts 
arranged vtnlii^ally, one above the other, a direxd) (‘omparison of 
seasonal changers can bc^ made, and wlien arra-ng(xl horizontally, 
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or (‘iitl to i'lid, it is oasy to sot* iht* ohamo-. tiiaf ;::i' » ♦ m ■. ! in n 1 
in th(‘ (‘ur\'o throughout tho poritui as a win ho. 

Accuracy in Charting, lu ohartitig hunio'. :U;*nn!*'~ a. 
nuisoiiahh* dt'grt'o t»t aoouraoy is, tti tMan'-f, iifoi aiy, haf tt;r 
prohhau diftVrs froiu that ot pioiting; tiata uiour oa a ar* lat ii? ■ 
an* luadi* from tho oharts \\ith tiuoly us'aduat* d ui ‘!;i!i..ro' , 
If th(‘ ohart is juauirato to tlit* ti«-gi'i'o that '-n uod *■! o up;!!! < oi 
will uot la* afiVott'd, it is aocuralo oioiiudi !*'r Imm ? o' f a al 
purpostss. ('art* slujuid }>«* takou. ht>uon f, f«* mao.* fUi.ui:; 
a,{*(‘urat<‘ to this dogrots ( ’arolossiii’.-:’ iti pln!!i!;,r mi- ofii oiojia 
may caaist* ohart s to h<‘ \'ory ini.sltsatliug. 

Reference to Source of Data, d’ho 'oMiror mi thr data. prr^. 
.s(‘nt(‘<l shotdd ortiiuariiy ho iia'liah-tl ou a ohat? il tio’ muioo t 
not (‘vidoni from t ho titlo or t ht* natur»' of ? ho ilaia. KiotVk !odgo 
of tho sourot* holps tin* roaii(‘r to judgo tho r.hiai>ilit \ oi f i,. I'l.ail . 
to oho<'k it for ao<’uraoy, and to oh I am furl Imt «iai a m omioo of am 
with tlu' suhjoot roprosouloti. 

It is souuhimos dt*sirahlo to inohnio th»* data in l:jhula.r foriu 
along with t la* ohart , <dt hor as part of thooliart ora' am adaunini!; 
tahlm This plan is (‘Spooially valualdo to roaaha \‘da' w i h to 
rnaki* tis(' of miinorioal data in o<mnootion wpii tio' grapluo 

iVK'ihod {S(‘<‘ lOxhihits ,‘k‘h dl, hi, and !I2, on prig* ,'it, 112, atid 7S, 

for illustrations of rooording data diroot ly on oiiail: . 

Importance of a Clear Title. Ono of tfio mo t mipiu timt pans 
of a husinoss ohart is its tilha Tin* t il lo .shoulil gi\o ih«' ro.-trior 
suhjo<d. of tho (’hart oloatiy and oomplotoly. t hdinaifly tho 
titlo should toll ivhdi, is r{‘prosontod and ir/oaf and a’/<# a tho 
da/ta. apply (Mxhihii (>). Dfton tho Hlh* is guiii foi* lifilo 
aihaitinip and though the <‘hnrt' may ho* vory otoar in its ntho'r 
parts, it may md^ ho rmul at all nnloss it has n rloar and ooinplido 
titl(u 

If possihle, tlio titles Hlnmld ht^ slioii, Init it iiniy ho Iniig if 
nvm^mmy fur tin* sake* of cloarnoHs, It: may ouimisf ut n innjiir 
titlo with a Hubtitli* which adds furthor oxplnnation Ui ihr liiiiiii 
subj<*(!t (soc! hkldhit 39 on page* 36 and ITxhlliii 123 mt |iiigi* HIS), 
It is Honndmnes difficnilt to avoid iiadniicnl worila, mill m 
in thc^ r(!Ht of tln3 chart, tho doeiiltin mmi Im iiiiiclt* wdtii due 
regard for tins point of view of the reader, Bn|H*rfhums w^ording 
should not bc^ used as, for Instanee, in the title ‘^Ctiiirl Pluming 
Curve of Jones Brothers^ Sales for 19362^ Her® itiii i»t four 
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words are vxmicccssary, as anyone would recognize a chart show- 
ing a curve. A better title would be simply Jones Broth('rs^ 
Sales for 1935.’^ 

Titles are usually in the form of a series of phrases rather than 
complete sentences (see Exhibits 39 and 40 on pages 36 and 37), 
and the arrangement of these phrases is such that tlu^y are easy 
to read and the important ibnns stand out prominently. h]a,ch 
liiK' of phrases represents an idea or group of id('as. Tlie liiu's, 
usually of unequal lengths, are centered on tlu' (4\art. 

The preceding discussion of chart tithes applic's to finislnal 
charts, such as those for formal reports or publi(*atjon. Su(*h 


MOTOR VEHICLE PRODUCTION IN 
THE UNITED STATES, 1915-1930 



Exhibit 0 . — CJorroct position for a chart title. (Chart also illustrates centering 
of parts of chart with reference to border lines.) 

charts are usually prepared with a wide range of readers in mind. 
On working charts, the titles and other means of identification 
need be clear only to those who are concenuid with using them, 
and, consequently, such titles may be more limited than those 
prepared for wider distribution. Nevertheless, the titles should 
be complete and clear to those who are to use them, even if 
they are for only preliminary or trial graphs. One of the most 
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tfii\.iPilir MK limits I'ni,' m >i\i 


im}H<rtaiU items tlial --Imulii 1*^’ pat nl; ;i. , 

of propa rat ii m. 4 iti- rconni 

steps rliro!a*l< 'aie.'ill y, ami it i" *‘1 I'f*-;'? S-'-a* a i,* ::/ 

eliarls li» earli tU her aial 'a fi.aaar, a ! :,.m . .* * as* m a. 

aunt her. 

Position and Size of tlie Title, 'fie' :ae a„ 

a I the tt>p of the elian as illieOrafeii lu \ i 

is et >n\ eni<‘Ol and natural lr«‘tn tie- p* 'pa a v, 

a i a i i , s i n e« ‘ his hill’-, t a h l» •> , I h m 4e , a. e i ■ « • ■ r ' . > a ; f < i . , < , ; . ' ; * e : * : 

forms are eommoiil\ lahelni at the ?»'p. 

Nt) genera! rule ean he laid dov. n !•*! d*'*: a : ‘ . ; - 

of tin* title let t eriniL, ipll\ »'{! t'he ha, i a.' n ' '-a"’.i--^' 

can om ’ hest dee id e the I iite. t a pprop! i a ! f a,*' ' i a ( ■ ' i : a* a e ■ a , : , 
|>rohlem. 'i'he title letteritia -iiould h-i *. .• aie* ’ : . el a-- " 
prominent ol an\' on tie' chart, iiovo-'.ti', a'ai S'aj'i.a;' » ' > ; 

(‘h:u*ts otte can sauai heeouie etfieient in * n a m a , n. . :n a na* 
for the piathiems at hand. 

Spacinp; and Arnuigiujii; Different Parts of a C'hait Pofder 
Lines, in order that a chart may appear t o h* ro ;i pi * a*' e • ,,Masu 



.Kxinarr 7, ' Picturlui chitrt far nref»iiiifitiiiHti. O' »'■/ 

humhrrmnn I 


and of pltaisiiip; Hyininetry, enreftil nfletdititi u%mt he gtvtii to 
splicing and arranging Its difTerent parfH, Thin rentsirf*44 ilnii 
sid(‘ nuirginSj hn* instanee, shoulil npimir to lie et|iinl evf*ii 
Ihongh tln\y might have to hv neiualty tinet|iiii,| U$ give tlie 
d<*Hir(‘d (dTeet. In order U» havi* tin* right iiiid left tiiiirgitw 
appear to bo equal on a graph whkh liiw a verticml »«di? tin only 
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one side, less space sliould be allowed in the margin on tlie left 
between the scale and the border line than between tlu' last 
ordinate and the border line on the right. The naxson for this 
is that the distance between two solid lines appears to b<^ hxss 
than an equal distance between a solid line and a scale with its 


— ^ ^ 

^ FARM INCOME 


li I rij fl ii fi 

NOW ■•■.•.S ' " i I ilullllU 

is the time for a I \ "-■ 0 ^ \ \ ... »■> 

Special Sales Drived wm |||| |||■il 1l 

The Farmer-s 1 i^'fr: . -.V 


m,', I .J 

I R iaticrmilk 

This flood of rofinnd sugar from outiiido the ' 

' Maiicv-Si. kl».il ^ I 

United Stales keeps men out of fobs! - -E’ • ‘ , 




li ii 


J 

THE CHICAGO DAILY NEWS 



Exhibit 8. — TJso of graphic charts in popular magazine and newspai^or 

advertising. 


open spaces. It should be noted that, in a chart like Exhibit 
6, the title should be centered between the vertical border lines — 
not over the center of the space covered by the coordinate liius. 
It should also be noted that, since room must be allowed for 
the scale, the center between the first and last vertical lines of 



I(> (tiLiiniir Mhrriioiys li^i: hi 


th(» c*u<)rc!iiiai(' ruliii.ti; of a riiari ar'; :* 

to tlir ri,i*;lit of tho fonlrr lH’t\\rrii tor rta'ai . 

Use of Color. Charts iti \\hich ml,.?'- a,!v ;; ti. ni;! 

dilToroiiors or i'oni rusts art' tiuifh tiinrr o -o; i., 

winch tuily black is nst-d. (’oCr'W icnw-w-s, :•!*• ";!u; 0 ' ti i:* fi-fi!' 
ust‘ tcj work in which their cttsl i.-, unt ftrohi.e;* o. < , \\ c. C;;i!c . 

art' not to In* rt'prtKiuct'd, it is nt) loujr r\'tM ; :o o* a r r.C<! . 
than blaek ink alont'. Hut if th»' ciaart r t.* b‘- .*1:;^. d m; ;i 

printt'tl rt'porl, calahri^ut', bonk, nr iua.r;icn!»', n :i.e\ i-r 
siblt' to list* citlors beeausf ttf the hieJi c-n! (C I'nin!’ !i ; a* uiac In!;, 

Pictorial Charts. \\'h«*n preparni fnr pnj*i{ia,r n-'* . si;;nC' aa** 
oftt'ii much mon* t'ffecti v«' if madr in a, pi‘‘tnri;d na. in. ;,t, ■ iitca!; a. 
exhibit 7,(11' with jueltu'ial additinjt and » anana i n :o a C;s 
ht'ij) to diUM't atli'iitian to lh**: iddrrf inao. a. ill i c «-:i 0 d b\ 
sonu* of tht* (‘harts in i*ixhiblt S. dlit n- na fiind nf pupida* i,/ au! 
may bt* applit*d to luosl of th»‘ niorr trrioaea! nan.' n: ba ;!;i 
charts. A dt'scripljon of the lunibod-. cm; finetini; aid 
of tin* {:»ictt>ri;d form is inciudt'd in the ehap?» r ni, ' raiph ma; 
parisons of sizt* filiapter lilt. 

General Appearance, (kudidemu' in a eieuu r noich rtvater 
if it is m‘ai and atamrate ratlnu' than shi\r'!d> lu apptatance, 
Hkill and neatnt'ss eona* with praetii-e mid ♦ Xpert* iier, ‘bhe 
(‘hart imisi b(‘ \v(*tl proportioned: it mn t net t«* emwdrd; and 
a,mpl(‘ margins mnst Im* left. CMtally a binder Ime will ;nu|»io\e 
tin* up|K*aranci* of a (diart, atul it is of uimo'i nnpnifanee, in 
Htnmring an appiairmna* t»f high tpiality, not only lo Icae nil 
liiuss and curvi^s skillfully drawn but also to havi* itii' idle and 
all oilier leticring dom* inaitly and candnltyd 

^ H(‘c Apinnaiix ea drsuviag iuHtruiuratn hmiI leOrtmif, !p|» 717 *MI s 



CHAPTER III 


SIMPLE COMPARISONS OF SIZE -BAR CHARTS AND 

PIE CHARTS 

It is the purpose in this chapter to describe the graphic methods 
of comparing magnitudes where only the sizes vary. Therc^ is 
no consideration of time variations, geographic distributions, or 
other variables. For instance, we might comi>^^r(^ the po])ulations 
of New York and Chicago, or the heights of buildings in New 
York, or the sales mad(^ by diff('rent salesnnm, or the profits 
mad(^ on clothing with those mad<^ on slux^s. Whatever tlu^ 
probhun, tlu^ obj('ct is to compare siz(^s. In I^xhibit 9 tlu’i ])rob- 
h'ln is to sliow tiie comparative sizes and especially the heights 



Exhibit 9. — Pictorial comparison of size (with emphasis on heights). {Courtesy 
of Encyclopaedia Britannica.) 


of th<? dijUerent structures. In other problems tlie ol:)j(Hit may 
b(j to indicate the relation of one size to another where both are 
known, or it may be to give a conception of an unknown sizc^ by 
comparing it with a known size. For instance, most persons are 
familiar with the size of a passenger train. In order to impress 
tlui grerntness of the size of a modern steamship upoxi the roadc^rs 
of a popular magazine, the graphic comparisons shown in Exlubit 
10 were made. Such comparisons, however, are very general 
and can be used only when the actual objects can be compared. 
In most cases of graphic presentation of sizes, the comparisons 
are made by using certain geometric forms which vary in their 
sizes in proportion to the different magnitudes represented, 

17 



IB UlLWflK' \lEriinIiS i’ni: Er ■- 1 M ' 1 

Choice of Geometric Forms for Simple t*om|)arison!: of 
Aggregates. Whrn inir i- :i.ht)!n o* :;oo.. '■* 

(*onipa risoii of siiupir thr tiro pHoc ■ ,< i-;*;. ti iom-i i 

the groliK't rii* fnrm ti» 1 m- ii'-rti. lot o. .r:. ‘ oo.O'iv- 

uuiJts of this form arr tliat it ii.oo Of i;;-\ o. o-a ’ oio*: 
dial it must ,L:;i\c:i i-orr«’ot imprc 

it is oasi<‘r to romparr iIm- o/.r «U 'to!. :.r 

(iimtaisinii than tlutso \\hi<'h \ar>' io ‘a.** o;* ■ as-: . 

In other it is easier to et.inpai'- ioM . e, i: i 

to compare artaas ami espeeiaily '-.nioiia- f ‘ f .'.c a lie 
It- would he Very difhcult for the a\e!;!.!0 lit? IM' Ot f.i:;,pare 
sai(‘S in Xtov \ Ork w it h sales in t 'hiaac" h;» it t*i , ;•* ? .t e oh* m 
ICxhihit lie because th<‘y an* drav.n on a ; oiomt i-a i aiei mary 




An niKht tnu' Irfint, nil ti ItM-mufln luut f t-uiJi i. t cnltl l V 
nJfU’(Ml iltmn t he npiH'i ilcnk (if t lie " Vtculam:»” :*}»*} omu C ^'v 
|(W( Itisui li.'iil' I h<* nliip'.’i h'Mpifli. 

Kximn'i' I(t. Pictorial (aiiiu|iariHon of ci/,e, O'oa 


in thret^ diimmsions. Alstt it wtmhi he liillicult to eoiopar? tlteso 
dat'U by us(‘ of tlu* sipnires shown in Kxhilnt It/ii* wineh ar«* 
dnuvu on n.n aaaaa, !»a.sis atul vary in twi» dtinefcuons. In I ivhibtl 
ll/t llu‘ limas or bars vary only in om» dimi*n>i»m, and jt oasv 
to tha.t N(wv V<H’k salt's a.r«' twiia* as lar^e as I hose of i ’bit^ago. 
Ill is this form (lid) tlnii is nawl tatminonly fiseti in making 
gra])hi(‘. (afm|>a.risonH of sixt', as it is nnmh taisier lo rtmi|aire 
the lengths of lairs t-han ii is itf compart* art*as whiidi vary iia 
tlui s{|uar(* f)f ihtnr sith's, or vohina*s which vary aa tin* nibaa of 
tladr (fdge.R. 

Altliough, iivS a rtile, litu*H or bars Hhonld la* tistal rat her itiiiri 
areas^ an exta'plion to tins rtdo may la* tmido wdirii alniwiiig 
great extremcis. When it is cl(»Hiralile to proHimi I'tanparistims 
such as those in Exhibit 12, only a pneral imprt'ssiun of the 
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differences in size is ordinarily necessary, and either square or 
(drcular areas will serve the purpose with certain advantag(^s ov(a* 
bars. If bars are used in making such comparisons, the larger 
figure requires such a long bar that it is difficult to place it on the 



SALES IN 

SALES IN 

SALES IN 

SALES IN 

SALES IN 

SALES IN 

NEW YORK 

CHICAGO 

NEW YORK 

CHICAGO 

NEW YORK 

CHICAGO 

$10,000 

$5,000 

$10,000 

$5,000 

$10,000 

$5,000 


A B C 


Exhibit 11. Uho of difTorent goomotric forniH in (U)rn paring? wizos (Hnlaw). .-1, 
Lines (or bars) are easy to compare. B, Areas are didicuH, to eonipant. f 
Volumes are very difrieiilt to compare. 

page. Or if the long bar is made a convenient length, the short 
bar can hardly be shown at all. 

Circles are us(‘d ‘occasionally to n'pnvsiMit siz(\s, but. it is diffi- 
cult to compare tliein, and they should not b(' list'd wlu'ii btirs 
can be used convt'iiiently. When it is nt'ct'ssary to use tartfi'S, as, 
for iiistanta', in making (comparisons of tbxtn'int' ittnns (Exhibit. 
12) or in making certain kinds of statistical maps (Exhibit 185 


I 

DOMESTIC EXPORT 

SALES SALES 

$3,136,402 $1,253 



GREAT THE BRITISH 

BRITAIN EMPIRE 

88,000 SQ.ML 13.000, 000. SQ. ML 


A B 

Exhibit 12.“—S<iuare and circular areas are sometimes advantaKGous when 
showing extreme sizes, but they should not bo used when it is cotivoniont to use 
bars. 


on page 174), they should be drawn on an area basis rather than 
on a diameter liasLs. Sometimes, however, circles are drawn on 
a diameter basis and often the reader does not know which 
method has been used. Exhibit 13 A compares sales in New York 
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o7tV,t/’///r* mi: m s/\; > 


with sales iti C'liii*agt» hy uieau"^ firci* ■ O’au’ 
pro|H)rt ienal t«» salt's, aiui Mxhilat l.'>/> 



Mxiiiurr la. A> \\ifh Hn-rr* pmpnrf f-t ' 

vlifuiu'f «*r’> tj f }i.u;a T»- u.uit* <«-i •: 


(liauuh(‘rs |)ro|H»rt ioiial to 



Mxiuhit M. 

pnri.suu of HifA* on uu arnn InvrtiH. 
(Vituiit'Hif (if iStt'ift (ititi f '(>,» 


salrs. I'AfiOat I'h! ervr' hec 
sinii tin'll Nf'U ^ n!"L ''ah’" ai'f' 
utn'il !«'■'■> I hail fwiri' :r'. a- 

1, 'hieajLra» wialc l',\hi!aa lAH 

thi* iui| tri'*' :• i« »n fhai \«"a 
sales are mtieh luur^' ihaa fuir** a/ 
large a'^ t 'hieagn vali ^ , 

Pictorial Forms. Iha* in leninli 
just iiis<*U^setl in ♦'euueeTu.n \K\iii MUl 
pie lines, areas, ami \elunirv. tforn !•«* 
kept in ittinti vUnnt uviug pielMfiaJ 

forms. 

It is esptM'hally ilitlieuH Ih mnn 
pan* irregular areas 'on’li 


shown in Fxliihit M* Alt'liough the mellual is tpnfe ellr'eino' m 


SWIFT AND COMPANY MAKES LESS THAN 
FIFTEEN PER CENT OF THE COUNTRY'S iJ-'ATHtR 

ftWIFT AND 

COMPANY JPJPJP 

ALL OTHEft 
TANNERS 

sounclic or OATA-iwirr * coM'Hawv 

ExiuBiT IS.—Fictoriii oompiwrison of Hiss m s lli»« Imil#* E«l#r %m mmi 


B^xhibit 14 . 


showing the readers of a popular magaeino that Swift’s tanniiri** 
handle but a small part of the total, a more actsurate picture would 
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b(^ given by using a chart lik(> Exhibit 15. Swift docs not tan 
smaller hides but a smaller mnn}>er 
of hides. In making a popular 
appeal, the use of the illustrations 
of hides in both Exhibits 14 and 15 
makes thc^ chart much more effective 
than would the use of ordinary bars. 

It is still more difficult to make the 



(‘omparison in Exhibit 16, since vol- 
umes must be considered. Herci the 


Exhibit !(>, — A atrikin^^; ap- 
l>cal, })u(, (iiUit'uU. to (lompiin’! 
sizoH. (( ’'ourlt'si/ of Su'ift and 


attempt to make a striking aj)peal has 


been very successful, which probably is the principal objech. of 


THE TEN LARGEST CITIES IN THE UNITED STATES 

(population CEN3US OF 1930) 



Exhibit 17. — A poor method of comparing the populations of cities. Heights 
of persons are proportional to population represented. The reader uncon- 
sciously makes the comparison on a volume basis. 

the chart, but it is not easy to make an accurate comparison 
of size. 




22 Mbnimns i ur /;/ •■■■■■- >■ * . 

I'hr lUU'pnst* ul 1/ i- Im t'Mii t-, 

.sup|H>srci iMi'i n-iinjuM , ihiit \i \i‘’ . * ...' 

Iwirt* as laru;«* as t'hi«‘aa<a bui, a*- a <<■ . 

(hat NrW 'l'«»rk is UlUrh lii<»n‘ fl:;n; ! 's. a * ;:■ a",-- 
is so dra\\n that (lit* lit'iiiht-- m 1 !!.'«■ tsa,’.’< ;•.*» a-, 

tin* iiuniht‘i-s rfprr'M'ijttMi. t'iiart ‘' r s'S; ; : 
luoa an<l tisaally ‘ai\r i'al:r imo!'*' im:;- . ;; - - 

the fia;uras oa a \‘nlunM* ha i- v. i tiia ; '-M' ;;’':'- = 

actual (lirhu'aiicas in th»‘ mnui*rr' ifpo . so a h 

Pl.R:\otv:; fi f.Au: in ihj 
U r4)Tt:D IVIAU '. iMNJ 

• » I I 

4CSN^ I f I 

' Gkm I I I I t I 

"" M M i 

•s.o 4^^ t I t M I f I t I I 

' #=% ♦ I f f M t t * f I f f 

Ai An.fit‘‘A } AS! 

Mxniliri’ IH. jHaialur pn^HisuntiMn, HrHi r I jfiUa! !V * *a<i 

luu'iHouH sunth*- nil H Urn* »m* t»ur ^ i -a. ^sn. .iiiinn 

fn (in rrr« U HHoriuf It in.) 

to us(^ tthu iigun^H of |'HU’8<jns in ptapnlar )n‘r.^>«’nfaf lon^ *»!' ila^ iyp»% 
if, is far to rapn*.s{*ni tho inunh**rs, not hy I hr lirmlirH uf 

IHU'HonH, hui })y rows of pnrstuis <‘v<‘nty spared \ulh ilir Irn^ilm 
of ilu) rows proportional to the nuitthrrs rrprrsrnirti, Xt*w 
York <kH‘s i\ol itavo larger pt^rsons than i’htragia lail a larger 
luimhctr of |K*rHons. Yhis prinriph* is hroiighi mil liy Kxliilal IB 
wlii<*h hIiowh tl'H,% inunlan* of persons per (Utr for given Hifitf’s, The 
figures are (Hpially spared wit.li the Itniglhs id the rows i^^iieily 
proporl.ioiuil to tlie nmnhers of persmiH n*preHmile<l Aiiottier 
nuddiod of making a popular pre^sentuUon of sirrilltir titiiorri«»liil© 
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figures is illustra,ted by Exhibit 19. When it is desiniblo to use 
figures of ixu’sons to exi)ress iiumlxx's, nudhods siu^h a.s thosc^ 
shown in Exhil)ils IS and 19 shoidd be used, for tli(\y liave all of 
the advantag-es of Exhibit 17 and do not have the serious fault of 
Uxiving a vcay inaccurate iinpn^ssion.^ 

Then' a.r(‘ nnuiy pictorial figure's that (am b(' iisc'd in popuhir 
])r('S('nt.a,tions, which may b(' mad(' to vary in only oiu' dinu'nsion 
without throwing tlu'in out of proportion, as would b<‘ the ca>s(^ 
in varying only tin' lu'ights of i)crsons. This is illustrated by 


PROPORTION OF AUTOMOBILES TO POPULATION. 1922 



CALIFORNIA 1 TO 5 
HIGHEST RATIO 


f!! 

. ■; • Vv ' * ' 0-*. V 


. . ffl 

MISSISSIPPI 1 TO 27 
LOWEST RATIO 


Exhibit 19. — Good for certain types of iiopular proBcntation. 


Exhibit 20 in which heiglit is ttie only diinc'iision that (diangt's. 
It is very easy to see from this chart that automoliik^ sah's a,r(^ 
nearly twice tliat of each of the other threxi products reprc'si'iitcal. 
Note that tlie title ^^The Skyscrapew of Industry^' mak('S the 
us(3 of buildings instcuid of bars particularly significant. This 
cliart might be improved by using tlie same style of front for 
all of tlie buildings, since the only diffcu’encc to be rc^pre^semted 
is tliat of size nu'asured in tc^rms of dollars. 

Therc^ is a fairly common use of spectacular devsigns, such as 
Exliibit 21, wliich iru^an nothing in particular, as it is praeticuilly 
impossible to i:nt(;rpret them. In this instance there is littk^, if 

^ An oxttHisivc systcau of syniboLs, similar to thosci ximd in Exhibits 15 and 
18, has been worked out by Dr. Otto Nourath, Dircador, Intc^rnational 
Foundation for the Promotion of Visual Education and of Mundaiunim 
Institute (The Hague) in an attempt to develop an international picture 
language. 



24^ 


METHODS roi: i 


any, (‘onsidfratioii o!i lh<* part oj tiir ilh;,- ? r;if * a' u^*: ;j,’ 
(‘ouiparisoa i>f as tha rfiif l aJin i'- ap a 

nrchittM'tural funn. 



"Mxiniirr lit). airtt'irinl pn-'m'iifnfiHf-t niii*' Mr t(?(ir ■,«/ 

Auttimahitr . 


Bar Charts. 'I'lic mosl <*i>iuuiuii iiiclhuil uf -‘‘H 

HcuUuji; l■<>Illl»^l^ismls of mzf iw hy t»i»* r*iiiii ur luiuili. r of ilic 
“bar chart.’’ There are .several varmfittiiN nf ibis furm i*f ehitrl 
aiul th(‘y have been given many rimciful immes, bnt all are mmie 
up of v<'rtical or horiwutiiil bara hi* drawn (Imt their length* are 
proportional to tht' hizch repnwnteti. 

For Himplt' eomimrisons, chart* niuular to Fxhildf* 22 and 23 
serve t.lic purpose; but when a chart i* to premuit wveral item* 
for careful aiudyHlH, it must Intdude certain diftail*, such as » 
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(*loar titles, a pro|)(a*ly constructed scale, and an explanation of 
units used. 

Vertical and Horizontal Bars. — There is no particuhir rule for 
choosing bcdAvcnai v(‘riical and horizontal ba,rs, exec'pt that thos() 


C0MPARI50N or 

value of mineral products. 

BY STATES - 1917 



Exhibit 21. — Very poor presentation. 



bar chart. 


should be used wliich will enable the reader to understand the 
chart the most readilyd In cases where the things represented 

^ This statement applies only to simple comparisons of size. In show- 
ing time series, only vertical bars should be used, see p. 69. 
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\'a.ry na-iurally in eitluu’ a horizontal or vertical direction, tlu^ 
bans usually a,r(‘ made to vary in the corr(\s[)ondiiig dinadion. 
For instance', tlu' l)a,rs in a coin})arisoti of the dista,nc(' from I^oston 
to (diicai^'o with tlu' ^re'ak'st h‘nj>;th of (ddifornia, would naduraJly 
b(' nia,d(' in a, horizontal din'ction (lOxhibit 22), while' the)se' in a 
<*e)ni})tirise)n of the' he'i^ht e)f tJie' Tanpire' State' Buildinji; with tluit, 
of the' \Ve)()Iwe)rth I^uildini*; we)uld be' nuuie' t,e) e'xte'uel ve'rtie*a.lly 
(h^xhibit 23). C.d)nve‘nie'ne*e' in re‘a,eling the' h'tte'rin^* is a,ne)t-he'r 
])e>int. that must, be' ce)nsiel(‘re'el whe'ii che)e)sin»’ be'tvve'e'ii he)rize)ntal 
anel ve'rticaJ bars. If horize)ntaI l)ars hael be'e'n use'd in Exhibit 24, 
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Exhibit 2(>. — Correct use of bar-chart sisale. The actalo Bfiould be^Kin with zc'ro 

as ahowri. 

the cU^siguations of the bars could liavc^ bcuui lettcu’ed horizontally, 
which would have made tlu- chart much c^asic-r for the; av(u-ag(i 
business man to read (comi)arc witli I'lxhibit 25), For this 
rciason, many statisticians prtifer to use the horizontal bar (diart 
exclusively when making simple comparisons of size. 

Bar Chart Scales. — Except in cases of rougli or poptilar com- 
parisons, it is important to include a scale on a bar chart. A 
scale enables one to read and check for accuracy much more 
easily than when the bars are presented without one. It is 
a fundamental rule in making bar charts that the scale begin 
with zero (Exhibit 26). This rule is sometimes broken by the 
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(I'vxhihit. 2r>), 'i'hc zcfM liiii'M t)f Iill rhuru h1»uiiI,J |»- iii,„l«- h.-itvy 
N<» tlu>y will b<-nliarply tlinf jiinuiNli. <i inxu 11..- nih.-r Iml.lrr muh- 
hnoH. Hu.-h 0, a. (I. », ur t(, 7, j j ^..,..1,1 u,.i 1... n^nl m 

tlit-y un. bard to ri*iui Ii w 

rapL' <*f 1(1, or lialvf.s ttttd i(iiarlfra ..f U«i, w 2h, 

n j ( t-c.. , tin lijatjy iiuiiiht^rH in tin* itrr riiiilii#«tfi|| fiiici 

iuidcT railiar than aid in raiidiiiK lltn rliurt (laidbit ’iH), H 
imiH, K, t‘{)t in mind that tlio |>ur{Ka<it uf grnpiiin tntdhtxla in 
usmcHH BtaUNtuM is to priwnt a pli-tur.' of figun-s. and that 
® cliarte from which mtual value* aits to be 

ineasured wyh finely graduati'd aciUee or imitmmenta. The 
urn should be to . onHf nmt the chart in auch a way that It can 
lie compreliended simply by visual impection. 
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The commonly accc^pted position for the scale of a vertic^al 
bar chart is on the left and outside the background of guide 
lines (Exhibit 26). Each number should be exactly opposite the 
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Exhibit 28. — Too many scale numbers and too many j^uido linos across the c’.hart. 
(Compare with Exhibit 26.) 


DOLLARS 

60 

50 

40 

30 

20 

10 

0 


NEW 

YORK 


CHI- 

CAGO 


60 
50 
)40 
j 30 
^ 20 
10 
0 


line which it represents (I-Cxhibit 26). If it is desiral)lo to iiave 
a scale on the right of the graph, one may be placed there in 
addition to the one on the left, but the left scale should in no 
case be omitted. The units repre- 
sented by the scale shoxild be indi- 
cated clearly by a caption lettered 
horizontally at the top of tiie col- 
umn of figures (Exhibits 26 and 
29/1). This is preferable to the 
metliod of lettering vertically along 
the side of tlie column (Exhibit 
29 B), as the business reader, who 
often is not adept at reading engi- 
ncicring drawings, does not have to 
turn his head or the paper. Ex- 
pressions such as inch ~ $100^' are not used in statistical 
charting. The scale on the graph is much more convenient and 
furnishes all the aid necessary for measuring the different bars. 
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A 

Exhibit 29. — PoBition of scale 
unit designatiofis on vertical bar 
charts. A, Best practice for busi- 
ness charts. B, Common engi- 
neering practice. 
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as part of a chart, and in cases of tJiis kind they may b(' ph'iccal 
und(‘rneath tlie designai.ions, as in hLxhibit 33. This position 
is convenient for recording and reading and in no way int(‘rfer(\s 



MATER- FAC- ING ERAL 
lALS TURING EXPENSE 

r'xHiHiT 82 . — (luide linos for roadinp; tho soalo should not bo drjiwn through 
outliiU‘(l sliaded or colored bars. 


with th(‘ (‘ff(a;t of tlu' chaid,. It is not good pra,(dd(*(‘ to plac(‘ 
figunss at tla^ upi)(‘r (aids of vaadlctd bars, a,s tlu^ ('Heed, is to add 
to their lengths, thereby giving a falser inipn^ssion of tlu' com- 
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Exhibit 33. — Designating bars and tabulating data on vortical bar charts. 

parison. When no scale is used and only a few bars are shown, 
the designations are sometimes placed within the bars, and for 
popular presentation this is quite effective but it has no advantage 
over the position illustrated in Exhibit 33. 
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the solid parts at the right of the narrow column of figure's 
instead of the entire lengths. In Exhibit 35 one cannot toll 
what is rc'presented by the columns of figures, since no captions 
or other explanations are given. Charts always should be com- 
plete in such dc'tails, leaving nothing which might be unintelli- 
gible or falsely rc'ad to be explained in an accompanying te^xt. 

Another criticism of Exhibit 35 is that the lettering at tlu' 
('xtreme left and the numbers of the scale read from top to 
bottom, while they should read from bottom to top if tlu'y an' 
to be read vertically. It would bo Ixdter to turn tlu' scah^ 



Exhibit 35. — Bad practice. Blocking-in has the effect of breaking the bars. 
(Also lettered incorrectly and lacks explanation of units.) 


numbers so that they could be read horizontally. In this par- 
ticular case (Exhibit 35) it is possible that the chart was made 
as a vertical bar chart and turned to a horizontal position by tlie 
party who later used it. 

Common Errors. — Exhibit 36 illustrates various bad practices 
which are often followed by novices in graphic work. There 
is such a wide difference in the values that, in order to mak('. 
oats show up well, wheat would be a very long bar. In such 
cases, the objective of showing the true relation is often over- 
shadowed by the desire to show the small item. Very small 
numbers are practically insignificant when compared with large 
numbers. That is, $100, for instance, is practically negligible 
when compared with $1,000,000 and should be shown in that 
light. Exhibit 36 represents a hypothetical case, but all of the 
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above the zero line or liorizontally to the right of the zero line. 
When decrease's or losses are represented along with increa,s(‘s 
or profiles, they are commonly shown as in Exhibit 37 or as in 
Part A of h^xhibit 38; that is, the negative vahu's ar(' r(‘i)r(\s(‘nt(Hl 
by vertical bars extending downward from the zero line or l.)y 


ALTERNATIVE METHODS OF SHOWING 
PERCENTAGE CHANGE 
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Exhibit 38. — Showing loss and gain with horizontal liars. 

horizontal bars extending to the left from the zero line. Part B 
of Exhibit 38 illustrates another method of presenting the 
percentage change shown in Part A, In both parts of Exliibit 38, 
the problem is to compare the territories with, rcd’erencc to tln^ 
changes that have taken place since the previous year. In A, 
simply the increases and decreases are represented. In the 
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tions. And one also secs that in the Middle Atlantic Sta.t(‘s 
liabilities were almost twice as groat as assets, while in tlu' 
Central h.ast liabilities were much less than twicer as grc'at as 
assets. Furth<'nnor(‘, these diff(n-ent relations b(‘tw(M‘n assets 
and liabilities can be compared readily throughout the (ugiit 
sections. 


FORSYTH FURNITURE COMPANY 
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Exhibit 40. — Comparing differont groups with horizontal bars. 

Ill Exhibit 40 the differences in the types of sal(\s made by the 
different salesmen may be compared. This comparison conld be 
made with component bars (see Exhibits 48, 49, 50, and 69) which 
would bring out more clearly the totals sold but would not show 
so clearly the actual differences in sales by classes. 

When comparisons such as those in Exhibits 39 and 40 are 
made, the bars should be arranged in pairs or groups as shown. 
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bars ar(‘ designatcHl ^^sold,” or they may be explaiiKal as in 
Exhibits 39 and 40, in which a key or legx'nd shows what (‘ach 
kind <)} slniding rt'pn'scniis throughout. 

Common Unit Necessary. — It is n(‘c(‘ssa.ry, of eours(^, to us(‘ a 
coniinon unit in making all comparisons of six(‘. It m(‘.‘uis 
nothing to inak(' a chart compa-ring, for instama^, 10 doyaai 
ora.ng(ss and 50 ])oiinds of pruiuss. Tliv unit- of nuaasunmHaiti 
must b(^ orn^ t.lnit is common to both itxmis coin})a,r(Ml. 

Mechanical Bar Charts.- -The charts shown in lOxhibits 11, 
42, and 43 an' nua'hanical wall charts. 44i(‘ oin^ shown in 
Exhibit, 42 is ma,d(' in scaa^ral forms and (•oinbina.tlons for showing 



Exhibit 4a. — A homemade mechanic: al wall chart. 


sales, production, stocks, and otiier data. The l)ars art) movalilcj 
ribbons, winch may be made longer or shorter at will by scdding 
tlu^ tal)s at the ends. The type of chart shown in Exlul)it 41 is 
useful in making such comparisons as salesmen/s or d(ii)artinonEs 
quotas with their actual sales, as the chart will show ckjarly how 
much tlio qxiota is under- or oversold. The background liiu^s 
r(q)resonting minor divisions are not necessary for reading the 
chart, but they arc helpful in setting the movable bars. 

Exhibit 43 shows a mechanical bar chart which can l)e miulo 
easily and clieaply. This particular chart ksIiows actual sakvs 
and quotas of salesmen. Each salesman's name is |)laced 
on the left margin, and to the right of this are two small hok^s 
made by a pin. Through the top hole runs a red string (black 
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CompariHons of the Coinponriif Parts f»f an Anntenair. ! a 
t!ic present I'iuint l hC' chapt rr t. r a *n- f: ..e - a . s 

8i*|)ara.te aiyi'irranOf'-, aiai f<aap:4?! '' 

gnaips of Mggis*i!,alr ' , ;■ a,' a- ‘ '.a' a * ,, 


Tribune Prints 'fhlrit of AH 
(Ihica^o Lineuiie 


Font 
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KxiiiHH' 44. \ |»t*' rljiirt Iv mrt.lr * l-vN.n*' 

<*oinparLsuu8 is that of n..c ih«- «'«»inpMnn.O partn *4 an 

aggn^gfite, one with another or one \\\iU tie- Thr i 4 ealii»i 

illust.rateil in Hxhilhl 4T tanninonly !!»»' "pie rlnirt/*' 

prohniily is ilie most generally kiaiun IsrcauM'^ *4' ii,s i.ii4e uw* 
in popular posseiitationH, Tins form loi.s hern criiieii^Hi on 
Ute grotiml timt it is iliffirult to nunpare the ri-lfti$ve «»f the 
HwiorH, Inii this is iic.4 a serimm fiotlt stnre pjaa.-!i-.ail!v' evi^ryiaici 
begins curly in liis vtivvvf to priirtire jinigiitg the reliiiive dm^ 
of ma‘iors of pies iinct is cpiite fainiltitr wtili tlir firoemii of |tiiigtii| 
Rueh H!nipf*«, It i» prolaible, h«m‘ever, iliitl fiiiuiy e«ii 

rcuid fi component Imr cflmri (kxhiliiii 40 wiit Sill tiiiirt'^ tTOiiimlely 
than a pit! eluirt, 

» Afwthar hmi «b»rl m liiiit to 

p.mi 
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The Pie Chart. Tli(‘ pit* cluiri {XM-iuite a couvenicut arrange- 
nunit of tiu‘ dt‘sigiiat ions of th(‘ different components as well as 
tlu‘ ])erceiitagos and actual valu(‘s r(‘pn\sented. Tlie wording 
should }k‘ placed inside tli(‘ s<‘ctors wluai i)ossible, and it always 
should 1 h' so phn‘ed that it- naids horizoni-tilly (lOxhibit 44). The 
wording n(‘V(‘r should b<‘ plactal in such a way that it n^ads radiat- 
ing from th{‘ cenl(‘r or following tin* cir(*l(‘ as in hLxhibit 45, for 
such arrangtuneiits of l(‘tt<‘ring an' nundi inoia' diffnailt and con- 
fusing naad tlian horizontal I('tt,('ring. b]xhil)it 45 attempts to 


WHERE YOUR TAX DOLLARS GO 
BIGGEST SLICES GO FOR WAR 



KxniaiT 45. -A pi(‘ <'hnrt not correctly inado. 

•show a widi^ ran)j;i> of (‘xtroiiK's and luiuor subdivisioiiK within 
tlu' major .s(>ct.ora. CHually th(>K(? .small items arc not important 
cnouKh to 1)0 kIiowu sopanitfdy, but, if this is desirable, a better 
method of dividing a .sector, or .showing c.ompom'nts of a com- 
ponent., is to u.se light t)r ev(‘n dotted lines to mark the subdivi- 
sions, whih' tin* major sectons are limited by heavy linos. Also 
if a sector must be subdivided, it should bo out by a line radiating 
from the eeaitt'r, and not by an arc drawn across the sector. 

If a pie (‘hart is to be most effective, the sectors should usually 
1)(‘ made to stand out separately by coloring or shading. Care 
should bo taken so to choose and arrange colors or shading that 
they will not emphasize the importance of some sectors as com- 
pared with others, but will show only the fact that different items 
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iin- n‘j)r(\s(‘nl ( h 1. For instanci*, a solid l»la<’k sector will sU'iihI 
out inort^ proiuiiKait ly than a rross-hatcluHl s<M‘{nr (»!' iho :-aiuf* 
sizA', or a hri^ld nal will stand out mom than a «iull ,aray. 
sizi' alon<‘ of tin' s(‘ctor should signify its import anrr. 

''Fho doctors of a })i(‘ chart shotdd l»o arranged acrt»rdmg to ; oiut* 
syst(anati<‘ ord(n\ rsually they an* arranged m ordfr ot sna*. 
and the most gtan'rally followed oialer is fi'orii laiau* to : inali in a 
clockwis(' dinahion l>(\gimdug at tin* top as illul rated in Ia iil>i! 
4-1. Of courstn a siador represmting a com! »inaf ion of o’ .aal 


WALKER'S DEPARTMI NT 
STOt'^E 



Pxinnrr -Ut. A uirn^riul pit* eh.'irn 

snuill it(uns, aaid d(\sigua.tcd ‘LiU otlnu’s/* naturally would la* 
givtui last plane wm if it wtu'o larger than som*^ of tlw oilier 
stHd-ors, 

In making popular pn^sentathms, pirturoH an* soiueliim^s 
phu‘(Hl on th(^ siad.ors. Wlam uning ihis mulhtNl, one should nof 
mak(^ the illustrations too promiiKud, iHuaiusi* the eye inay eonn 
pare the si^ies of the illustratiouH ratlu^r than the Hi»*K of the 
Hectors. This type of praedice should he hdlowed only in llit! 
most siniph^ forms of charting, smdi m ihone nw^d in la^rltiiii 
popular magaasines and mwvspap(*r8 or in eliildreids biioks and 
magazines. 
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!n making: an appeal to (‘crtain typ(‘s of )>iisin{'ss num, a, vcny 
(•rfo(4i\a* application of tla* [)i(‘~<‘hart. principk* i.s .shown in 
MxliilHt H). i^xhibit 47 shows another pr(\s(‘nta{ ion of simihir 
figtires which is easily nmha'stood hy th(‘ a\'erag(‘ r<‘U(l(n’. It is 
simply a har chart made up in popular form to r(‘pr(\s(mi ilu* 
component pa,rts of a dollar. 4’h(‘ ordinaiy har chart, is often 
us('tl in this manma' to show compoiumt ]>arts. ‘ 



nxiiim r 17. Aiiiit!n'r j»i«'tnria! hk'UumI of .showiiu'; .similnr lo that of I'lxhihil, 
ni. {i'nurtttiu *>f (liiirnil Fln'tric 

The Component Bar Chart. An exiadlenf form for showing 
tiH‘ c<)mponent parts of a whole is tlu‘ c()m[)on<‘nf. ha,r (lOxhihit.s 
48, 41), and oO). 4'h<‘ cumponimi har may (‘xloml (4t h(‘r vcMhhxiIly 
or horizontally, hut the dinadion should h(‘ chosim that, will mak(^ 
the cliart most {‘asy to rea<l. d<‘signa.tions of tJn^ dilTtn’enk 

components may he placed within th(‘ har ( hlxliibits 48 and 49) or 
outside t he har as in Hxhihit 50. It is W(41 to show sc.uh^s on th<‘S(^ 
(4iarts as a further ai<l in reading and (4ua^king (s(m‘ Kxhihits 4H 
and 50). If designations an^ phuaal outshh^ a v(‘rt, i(?al har, it is 
tisually laxst to placa^ tluau at the right of th(^ iniddki of cawdi 

^ For adtiiiioual dimniHsioim of pie chartiB and component; bars, m(h Walter 
Crosby Eels, **Tht' Ridiitive Merita of Circles and liars for Frosonting Com- 
poiaait PartB,” Jifutfwl o/ the American Eiaiuttcal Amaemtion^ June, 1926; 
IL von iluliii, *‘A Dktnwskm of the Et4s ICxperinfcnt,’' and Frodcvick B. 
Croxkau **S<nna Additional Data/’ Journal of the American Btatietical Aaao^ 
ciation, March, 1927. 
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(‘omponent- as in I^lxhihit 50. This li'avcs tin* i(‘ii Mih* fr***- hu ;i. 
scale, while (i(‘sigiiut ions of Iciiglh will lu‘ rhtx* lo liim 

coniponeiiis auti still Ix'gin in a straight vertical column. 

The coinpoiumts should 1 h‘ arranged in a miat ic order mc’I! 
MS size. If t-h(^ ordtu’ of size is followed, a \'(‘rticai har will appear 


A Pound of Beef — From ProtJuerr to Ctnisiunrr 

.toe 

RETAILER 

25r Appri»cimutr wvrfflsgr 
rrttttl prti r 
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Exhibit 48. — A vortical roiupoiH'iU Par. {(^ouritny u/ Ri-tarch 

Df'partruent , Swtft amt 


WHERE CANADA’S IMMIGRATION 
COMES FROM -1933 



Exhibit 49.'"* A horissoiital tnimiaiiiwu Par. 

less topheavy if the larger scsetioTiH are at tlu* bottom. In 
Exhibit 48 the order of size was not used sineo the packer nattir- 
ally comes between the producer and the retailer. 

The discussion of diffcucuitiating piti-chart sectom by coloring 
and shading applies equally well to bar eomiH>n('nfs. While it 
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is wt‘11 to (iinV'mtt iaf r thr (‘oniponrnls, (•ar(‘ must Im‘ takuii not to 
{au|)luasizo souto ot tiu'iu by using too strong oross-Iiat chiitg or' too 
brilliant colors. 

Complicated Forms Should Be Avoided. lOxhibit bl is a coin- 
binat ion of a component bar and 
simple bar {‘hart. The number 
of pounds of llu‘ differtmt cuts of 
bc<‘f ai*e show II in tin* imri/ontal 
(‘ompoueiit !>ar. 'Flie \t*rti<’al 
hmgth of each c(mi|)onent o/pre- 
S(‘nts the priee of the cut. 'Fin* 
artai of eacii rt'ctangle represents 
tin* total amount ree(ave<l for 
tin* cut. 'Fills ehart, ho\\e\a*r, 
is not {‘asy hn' the a\‘erage 
r(‘a<it‘r to undei'stand. and sinti- 
iar figures for tin* following year 
w'(‘n‘ nspresi'Ut ed as in Fxhibit ">2 
wiiich tells tile stoi'v very simply 
ami cl{*arly. An o!>jection to 
tin* plan used in Fxhibil b2 is 
that the bars r«‘ p res<‘ u ting 
pounds e\i{*mi hi tin* left of the 
bast* lim*. 'Fids prat*! ic<‘ shoirld 
In* n*s<*rve{l bar showing dc- 
cn*asf‘s, loss{*s, ami other iu*ga-" 
live (luaritilirs. whi!<' h<inz(int;il v..rtir,a 

fairs ri*prest*nt ing pnsiliv** figttres 

slionhl {‘Xterni the right of the i^ero luisi* (st'e Part .1 of lOxhihiti 
38 on pag{* 3rFh 

In tin* sides profit and loss analysis cluui sinnvn in FLthihii 53, 
the aim is to give a phdatre tif the profits nuuh* cm tlie dilT«*r<*ni 
types of im*ndniiidise. A, W, i\ />, ami ii are symhols rejirescmt- 
Ing tiie various idassivs of eommodities. The vc*rti<*al scale shows 
tlie percentage of profit or loss on eacth commodity* The 
horii^ontal scale shows the volume of sales of each eominodity 
<‘xpr(‘ss(‘d as |M:*refnitage8 of tlie total. The area of eacli rectangle 
represents the timoiini of profit or km on each commodity. An 
im|;K)rtant objection, hovv<*vcr, to this chart is that it is difficult to 
compare the different areas. Another method of making the 
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silluc conipurisdii is siuiwn in I'.xliii'il ••1. 
simple ill iHiiist ruetioii iliiiii I'jxhibit I nit 


'I'h is ftn’iii is lutin* 
it has I hrrr t itnrs as 


Variation in Retail Prices for Different Cuts Rrcf 



Ii]xHiBrr 51.— A c<)inpHca<«'(l I’oriu. So.- i-MiiMl 5’.’. i./r'iimm. 

h*ri«'(irch Dt part rnnif , Swift nnd 



Exhibit 62.— A boiter fonu for nhowmg mmilar <iatH to t^bat of Kthibli 51. 
Note, howiwor, that tho prac.ticM^ of oxt-onclhig latm to I ho loft uf iho iort* hmm^ 
should ordinarily bo rosorvod for showing minu» Hoo Kaihibli 

Part A. iCourtcBt/ of (Ummvrcial Hosmrch Dejmrinu'nti Swift and Vo.} 

many bars. As a gmieral nilo, hownver, it is well U» knap away 
from the use of forms that involve the comparison of areas if it ia 
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SALES PROFIT AND LOSS 
ANALYSIS BY COMMODITIES 

iA,n% profit 

STMWt 54 JO 14 50 10*10 


THIS »««« tnr. nMUrJl-' TMIf SHOW® WHAT THIS SHOW! tin: ru=’»ui.r- 

w or CACH commooitt m or \m morir ANt> in 

m CACH r, fi^ mrM. %M.m m ano 

H Rtt NTiAM *♦. 


Exhwit M*-“A mow iiiwpl« wtihmi of itowini tti« data of BaWblt 53* 
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possible to iis(‘ forms that vary in niily onr diiiitoi-mu. ll 
hn nobnl tbab the p(*ret‘ntag<* of th<* total i- in tin* 


Why It Costs So Much 
To Mine Anthracite 



ins#* 

iJIKtTWa 


hlxuiHiT Aj[)i(’torial <H»mi}onunf Imr. {('iturftm:/ n/ 4?^/*? 

( net . 


HOW THE AMERICAN FAMILY SPENDS ttS DOi I ,AR 

Data t UOM NAIH:»NAL INfMt*;nniAr 



EacHiBiv 56.'— -'A pkiorlal Imr. 

central group in Exhibit 64 by indicating liH) per cent in outline 
and showing the percentage for each commodity in solid black. 


SIMPLE ('OMI’ARISONS OF SIZE— EAR AND PIE CHARTS 4!) 

Tlu* loss fiKun's aro shown in red on the originals of both Exhibits 
53 and 51. 

Pictorial Forms for Showing Component Parts.— In ICxhibits 
55, 56, and 5r tlu' aim is to add in(rm‘<'st and (^('arno.ss by picrtiiring 
wliat' is r(‘[)r(‘.s(‘n t ('d as well as to show ilio var'ions component 
parts. The irrc'gnlar shape' of the lump of coal in Exhibit 55 does 
not iiermit. easy or acenrale nu'asurenu'nt by tlu; n'ach'r, but it 
is (piite elTeelive iti showing llu' divisions roughly and this is 
tlie ])urpose ol the' chart. For poj)ular n-arling Fxhii)it 56 is a 


WHERE THE HEAT GOES 
IN THE AVERAGE BOILER PLANT 



KxHmiT fjT. A pictorial coinpoiu'nt. bar. {(UmrUay of National JtJnoinccr.) 

good pre.s('ntatiou to show roughly the distribution of living 
i‘xpcns(‘s. Exhibit 57 is an elTeetivee iirc'semtation of the relation 
of heat ust'd in making st.eam to the rest of the heat in bituminous 
coal. 

Component Parts of Component Parts. — A method of showing 
component jiarts of compom'iit parts is shown in Exhibit 58. If 
a component must be subdivided, this method is ejffective only 
for presentation to a trained reader. Since this problem is not a 
common omj, the form shown in Exhibit 59 is better for general 
use. Here the major components are separate bars which show 
the subdivisions representing minor components within each bar. 

Comparisons of Aggregates Made Up of Components. — Up 
to this point, the consideration of component parts has included 



5Q. — tTioallv & butter miitliod of «f PmM Wii 
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only tho nonip.'iri.son of thost* parts \vhi(’h art' within single aggi t*- 
gat(‘S. Oftt'n it is dt'sirahh' to coinpan* aggn'gatt's inadt* up of 
coin|)t>m'nt parts, tather with n'ft'n'iict' to th<‘ actual sizes of the 


PERCENTAGE OF MINERS LIVING IN THEIR OWN HOMES 

SANDOW COAL COMPANY 
JANUARY I. 1935 



.lAFir. VALLEY 


‘‘"W 


M;*C mo. 3 


M'SL NO.l OHlMiS' LSltK MINI NO.J 
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Lrv.Nu IN RCrtTCD 00 B>3ARD(Nx:i HvXH.Li; 


KxHtitrr (U), of pit' rhartH in oompuriny; th»' pt'rt’t'utngo ditarilintioim <»f tho 

foinp‘tn<*f»t p.'tiiH of ilitTnroJJt 


PERCENTAGE OF MINERS LIVING IN THEIR OWN HOMES 
SANDOW COAL COMPANY 
JANUARY t, 1935 
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ilVWG IN OWN HOMES 

umm m rented or wmm mM» 


BxHiBWdl,—- Uitof th# !»r i^liart in comparing th# diitribntioiiiof th« 

wm-fNifienl parti of dlf#rtnt 


aggregates, or with refarimeii to the porceotago distribution of 

the parts within the Hgy?regfin*s. If the problem ia one of com- 
paring the percentage relations of the parts to the whole, either 
the pie chart or the eoni{Knu'nt bar chart can be iwd, m the dif- 
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fercnt forms ivpr(\s(‘iitin^ 100 ]M‘r (‘(‘iit wt>ul«l 1h‘ ihr rmnt* ,si/j- 
(Exliibits 60 and 61). Wlu'u tlu* bar form is ust d in ran fu! work, 
it is Ix'st to show a s<*al(* ami a of uuidr lim s ns in 

Exhibit 61. If, how(‘Vi‘r, tin* })n)}>lom is (Hm* of I'oniparin^ art ual 
sizes of a|*:gn^gai os and their eompononts, the bar nirthod .-hotild 
be used in i)r(den'mH‘ to tla^ pi(‘ chart, ('iroular area- t t’xhibii 



.miM- 

K*X 


fcxor* 


' ptti ; 

; i 


MAW Ml. :ia. r*!,/*;,. M 

Ifiivb.) t, '^’j 


A 

Exhibit G2." OoimiurLson of which nhow I’oiuitnut’ji* purtn. iNutr 

pra(^ii(’i‘, UM of ciri’h'M an' liillirnlt to ciuuitarc. /i*. {,o«ni mrfijoa. an it in 

easy to oomitaro hnrH of dilTorcnf UaiKtliH. 



Exhibit 63. — OompanMon t)f pomatta«o Uintrihutioni* potailnr |ir**manation. 
(Courtrn// (tf Fappvr Furrn P/rnn, Oopprit/hF 


62/1) aro hard to (;oni|)!in', hut this difltfulty docs not nrisi* in 
using c()iui)on(>nt bars (lOxhihit 62/J). 

In both jKU'centago and actuiil vuluo compariHoiiH, iln* {*oiitjM>- 
ncnts should he diffennituitod by HhtwUng or coloring each shiMh^ 
or color r<>])rcscnting tlto same tiling in all the bars or eirclra. 
When only a few aggregate's tire eomimred, the designationa may 
be placed on the eoinponents, as in Kxhibit 62; but when many 
items are compared, it is easier to road the chart if a key or legend 
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(i(\scriptivt* of tlu‘ tToss-hatchinju; or is plaia^l on it as in 

Kxiuhit tU. 

i^xhibit iVA illustratos a iiu’thod of <'oni])aring distributions that 
is \'(‘ry oasy to undtn'stami. "riH‘ roiation of oiu* pi(‘ (‘hart to 
tlH‘ot h(*r is ch'arly iiidicatt'd by tiu‘ (i(‘script i\’(‘ inat4(‘r and a.rr(>\vs 
b(‘t\vo(‘n tho ciiarts. 

A Common Error in Using Component Bars. "Flu' purpose^ of 
(‘onipoinnd bar charts and tht‘ nalurt' of tiu' data, ropn'scait.cd 


COMMERCIAL FAILURES- 1931 
ASSfflS AND LIABILITIES BY SECTIONS 

MU’. I 

am s .‘--(js 



m A‘,N r*; m I.IABILITCS 

•tVuifft «» f fAf A Mf vri •«¥ 

PxiUijrr trL A romitntn «'rror. iw the (‘hurt no(.Hht»w componisnt 

i»rtriH. iSiM' I'lxhihit SU *m page 30.) 


must 1 h‘ cltatrly uiuh^rsItHHl and should not b(‘ (‘onfuscMl, as is the 
rase^ in Mxldbit 54 wlnua^ the bhu*k portion anti tht^ cross-luikhcd 
portion at t‘aeh !>ar art* not the eom|)on(mt. parts of an aggn^gn-ttn 
In tliis figure^ both an amount rep'roHeuttal by a solid black bar 
and an ainouni reprt*H(*ntini by a cross-hatehed bar arc measured 
from the* mm lint!, and it is not eiisy to imagine tlie cross-hatehed 
bar to extend from th<^ sscro line with the solid black bar super- 
iinposed ui)on it. AssiJts and liabilities are separate aggrt^gaieLs 
and should Imvo been shown by st^parat.e bars as in Exhibit 39 
on page 36. 
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Checking List-'-Tlu' followiiiu; list iiu4ud«‘s thr lun^'t 
points to ho ohsinTtHi in InakiIi^^ tin* (‘harts lirsrrilMMl ui ihiN 
(•!nil)t('r^ and can In* U8(‘{l \\\nn\ ('lnM‘kinK a cliart in if u is 
c<)inplcl<*d 

Did you (du'ck for uctuino'y? 

Is thi‘ .sini|)l(‘ ami rlonr? Did you it at fla* tt»|» tu thr 

If you hav(‘ used shadiuj^s or colors to make anv locf! •.;u \ dr timi miif . 
have you iiudud<‘<l a or key (<» llio mfaum|.fs o! thr hailioj.v' “r (Mdio-.',* 

Have you t>Ia<‘(‘d a oouvoaiout- s<‘al(‘ an«l a liat’kj^nnuid o! lim- ^ u|ii)n thf 
chart, to aid in im'asurin^ sizt'.s? 

Arc the fata*s of the bars fna* from these lities? 

Is thi‘ z('ro lim* h(*avy? 

Are th(' otlu'r seah' tim*s 

lhiV(‘ you ([(‘siljjaated the scale units? 

Ilav<‘ you {jjiven tin* rt'fereiuM* or sour<*e? 

Do(‘.s all leit(‘ring n*ad horizontally? i \\ hen mipo ■ ihh' to Irtti t lniii.a»n 
taJly, should read from liottom to top m'\<T I rnm fnp f*. hut turn 

An* your l(‘tt('rs foruusl aeeordiuji; to a coinmoidy arcrpf<-d ' !> h- nf plam 
l(dd(‘nu^?? 

Have you rul(‘d in ti border lim*? iDptiiutal but advi uabh*, 

If (h^sirable, havt' yoti inehui(*d vour name dower rii.d^t and dat* lower 
l(‘ft.)? 

Arti pcaudl liiu's tuaiHtHl? 

Will your (duirt b<^ ehtar to th(‘ read<‘r? 

^ A eiuadcing Hat for ettrve (diartn is presenteil on |r b'iH. 
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HISTORICAL TIME SERIES ARITHMETIC CHARTS 

In ('luiptrrs I\ niui thr |)ur|H)s«‘ is to tli<‘ ^ra|tiiir 

iiH‘tlio(is of prrsont iiiK tintn with rffomioo to (iofinito datr:'. 
Hin nompurison of phouoinoiia at (HtTormt datrs prohalily is tfjo 
most, important fiold in business statistics, 'rhus W(‘ may wish 
t(> (‘oinpan* our sal(*s ft)r last month with our sales for (‘V(*ry 
other month for tlie |)ast fiv(^ years in order to determine u h(‘t her 
or not we are gainiit|< or losiiij^ trade. By prt'sent iiijj; tlusse figiires 
graphically, ue are able to se** at a glance a pitPure t>f tin* whole 
ptniod, 

'Phis stud}' of pri^seiil ing t ime series is divided into ii\a‘ dist inct> 
parts as follows: 

1. Size <‘iiaiiges in a singh* \ anable o\ er a period of tinne 

2. ( 'om|>arisuns of size changf^s in tiitlenad time varialih*s. 

H. C'omponents of a lime variable. 

4. Rates of ciiange in a singlt* variabh*. 

5. ( ’tnuparisons of rates of change in tW4> t>r more variables. 

Numlnu' I above wamhi be illustrated by a ehnrt of a single 

s(»ni*s sho\Niug. say, umotuits of sales by mouths. Then tire part, 
of tin* curvt* for the latest mtinth cotild bt* eompaiasl with fht' 
parts of the eurv-e shiwving amounts tif sates in the sanu' Intsiuess 
for <dher months. Number 2 would be illtist rnttal by a tduui of 
more than one series tavmparing Ha* volume of sales tjf tin* main 
store with the vidumt*s irf sales of, say, its hranehes bu' the same 
perioti. Numbi»r 3 might show over a peimal ti-f time tntr sales 
of, say, slaies ami how tliese sales Wi*re divided into iinmN, 
women’s, and ehiklreids, or how the URal was ilivkhni iiitti fiarls 
sold by each sali*«mam Number 4 might sluiw, for iiisiane«‘t 
wheilic»r our sales were changing at an iiK’n^nsing tjr (hs-nmniug 
nde m com|>ariH! with tlm past, in Niimlmr 5 cine might com- 
pare sal« of the main store with those of its brtiiicht», not to 
show how much larger the main store i« than the others, but to 
show by the s1o|h» of the ciirv« which store k iuer<oisuig Its 
sal« at the m^ost rapid rate. 

m 



fiV) r;/iM/‘///r MKTii(U)s rm: lu sim:s.s si‘ \ h‘s 

fiv(‘ parts list(‘d on th*‘ prontMliim f u'iia* jirn tfr f uh-i iurin< 
anti should l>o n'(*oji;iii7.tHi as suoh, t hn* ranunt n nf •airly 
unless the otlua*s are \uuiorsttHvd, and uno leuiUMt ial,r thr plan* 
of anotlua'. Tht'y will Ih‘ eonsi<irre«l in thr mtif-r ii ir-d. 

SIZE CHANGES IN A vSINGLE VARIABLE OVER A PKRIul) oF TIME 

In this kind of eomparison, tho prol»k-ni i: t». Imi*, liir* • i/r- 
of tlu' plu‘nom(‘na at difformt datrs. d'hie-., nnr nueiit fMiuparr 


Less Labor Needed to I^jy Car To-day 


16 MortTHS 
(24 WORKina 
PATS >’ER no.) 

jS-^MOriTHS 



J805 jtio t0n t$m 


AVC „ 3R JETAl L 

caeVwcc - $mu lira 

CARPntiTeR -5 

union VAoe 

PER DAY - $fm 


Exhibit elinrt of tliiiB liiBP 

somBiimw m pkU-orlia ehuPtn.) *»/ Miimtlm* 

inter « Amtmatwn.) 

the amounts of labor iMaKic‘<l to buy a ear iii flat4*« m 

shown in I&hibit 05, The study is eoniiiad ki & iiiigkt tcrlw. 
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Simple Pictorial Time Charts. W'licn th(‘ probhan is onr of 
po|)nlar prt’sriit.'tl ino, tli«‘ pictorial chart is vtay (‘ftVctivc^, hut, iu 
all eases, a u'etanot ric term slmiihl he chostai which can h(‘ ina.(l(‘ 
to vary in a sin.ah' hircclion without distortion. Thus, in 
Ivxhihit r>.), the eoiuparisoii is clearly luath^ sine<‘ the piles of 
lundxu* wary only in their heights. In hxhihit (>t) th(^ (plant it i(\s 
of coal mined in tht* I hii<*cl States in 19‘d() and Il);-)2 ari' com- 
panai. 'The anmunts rej u'rscnt cd are proportional to th(‘ laa^hts 
of tin* piles. As thr reader imeofiseionsly eoin[)ar(‘s tlu' \'olum(‘S, 


COAL F^RODUCTION 
IN THE UNITED STATES 



gains a wrong impressitui of tlu‘ sizi/s n‘pr<‘S{ait.('d. 
larg(* pile nT^^’es(*uls tuita* as matiy tons as the snudl otu^, 
y(d it nnitnlus nuK’h inon* thati t\vie(‘ as much coal. Volum<\s 
lik(‘ tliosi* in Mxidhit tUh varying in thn*(^ diniensitms, should not 
1 h‘ used in graphic pn*st*idntion, as they 4irt^ lik(‘ly to h(‘ mis- 
intm'preteih Iwxhihii 57, rt*|)rt»s(»nting tlu* 4Unounis of nioiuy 
spimt fiU" candy during a 5-yi‘ar ptaaoti, is tin (dnirt 

for poinilar pTesentHtioii. 

'Ordinarily the time scahwstionld Im‘ laid otti along tlie horkontal 
axis of a tiitn* chari,i Imi iH*casionulIy it may l>c laid otit v<u*iically 
in po|)ular presentationH m illuHtraicd in Exhibit 68. This rule, 
liowcvc^r, should not In* violated in atiy hut popular pictorial 
charts, and tlnm only when distinctly neceasary. 

In planning a chart, it tthould be remembored that for the 
trained reader the pictorial form may add nothing. It is, 
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Candy Consumption 
in the United States 


Dollars 
Hundred MUBooS 

10 1 



sovpcr Of oata" iNvrsToo’ and roAorfir 

HxiniJiT Fi<‘t(>riul «*hart. of tinnu Ht'rii’M fnr jtrunrntiifiori. *iirr«'>'t!y 

(iruwn.l i Adapt itf frttm hirruttfr mui i'rndrt j 


HUMBER OF lOOO POUND CATTLE 
REQUIRED TO PURCHASE 

A WAGON, ACORN BINDER, A GRAIN BINDER AND A GANG Pt.0W 
m ILLINOIS IN I9I3. IN I920 AND IN IS2I. 


19I3» 


rr ff fr f*f 


1920a 



mm mm mm mm mm mm 

IT rr 

fiffif |if» 


192!’ 



fuf^ III* mp H|p 

mp MP mm mm 

Pt tT 


Exhibit fW.—'Fiotoriftl ohart of tim« iorI§» for j^nultr pjwmptjiiloa. Ftcloriiil 
nharts ar© soinetimes iJccepfcioBi to tha laiilt ml© in MiRPJtton 

with Rxhibiti 70 tnd 71. {CmHmy d/ UnUmi &aim ^ 
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hottcM'i, an ('x<-cll(.!ii iiicdiod („ n,^,. j,, pdpdiar inililiciiiioii.'i aiul 
ni (•hutirf’n s liooks aiui luagaziut's. 

(i!) pictun's a. iunc|i:mi<-al l,ar chart which in (Ic.sifiiicd 
to attract attention throiiKli the use of tlic t licnuoinct.T idea. 
n«e nppcaTai.ee ol risinn and falling liquids is a.a-mnpli.shed 
Ih.ougli thcuscot power-driven ril.hon helts. The thennoniefer.s 

^ ill (•hr<)n<>lo).»;iraJ onh'r and tlnai <lro]) 

to Z(‘i{K 1 his |)r<>{*i*ss is r<‘- 


at iiihTvais of ahout 

oiU‘ ininut(‘. \'ariat ions (»f this 
nadhod ha\'(‘ fjossihilit ii^s of 
aj)pli(‘ation in popu- 
lar displays ot statistical 
facts. 

Bar Charts for Time Series, 
i^ar charts, similar to thosv 
d(‘scrih(ai in tiu‘ pnaaalin^- 
(‘hnptcr, arc olttai used to show 
tiim^ series ( Ivxhihits 70 ami 71 ). 
In showing tirm* sirivs, iiow- 
e\'cr, it is nuudi lad ten* practict* 
to tise th<‘ voHind hnr chart 
(Kxhiint 70) than the horij^om 
tal har chart (Kxhihii 71).^ 
Tlw reason for this is that iiu^ 
<*luirt v<*rtical burs is read in 
exa(dly the same way m a Umh^ 



eurv(‘, whi(di is !>y fartfunnost m. Mochaiucul bar chart 

common watr y.r , .•* tlinplay of statiHtiml 

common way of prc^SiUding fartn. {a^urt^ny of Unitiul 

thcNsc^ data. Whim the Forviyn and I)onmh'('> 

Iy4iv. ...Li* id. . Commem:,) 

t)ai ( iiart is usiKl for showing a 

•st'ricH of poHitive fig„r<.H ovt'r a pt-riod, the time mtale should road 
nom left to right aa sliowu iu Kxliibit 70. Tiiis scale should bo 
au out in such a way tliat equal spaces ropresont equal time 
intervals over the period. That is, for instance, each inch might 
equal 1 year. This rule should be followed even though the data 
are not complete, as In Exhibit 72. Had the bars been evenly 


nf however, in making the simple comparisons 

of sise desonbed In Chapter IH (see pp. 2fr-87). 
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siKUH'tl on this rhart, a wmtiu,- im pn- ■ lo** uiiaii? 
ga iiu ‘d 1 >y t h<* rradard It si it add hr la a « 1 1 , 1 a t\*, i » r. f 



KxiniirrTa. V^rtiful Icira f Ju* I’unrrt i<utuMt - !j.»i ? a 


to«t itiAtTNin'J ct Ttu tiiLOto Ar,!)Li>vi A:.^y wi : r ! tif sv. 

f'tni';ffK(tir}k:<ncT A'jwntn«rit«n{«K*>»»)'V)i'«i,*wi*k {»»' m 'w X(*;n 
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’Exhibit 71. llturiKtuajd '■iiuairrt***! f*»r ^tuawinu Hiita 
titniH wljtmJtl not ho umn| in s 

may Bomcdinum violaital in piat.hrinl rhiirlH that tin* iwal in 
popular prtmmiatiouH whm? i\w tinn? varititioi'w iiro only of 
gcmaral sifi;idrifanc(‘ (nvi^ MxhlbilH 65 aiui 6B)» 

1 Bm ('xainplt‘H amiw In plotting rurvoa of misiilnr iti Exliilnl# W 
and so (pp. 67 and mi). 



Kx inuri' 7‘.]. Cini'wt tiM* i»i' l«;»i churl hT r«h«i\vi»uM>u'tiruplt'(r .scric'H. i< 'ou rtcny of 

i'nihtl Sfiift .'t (t't ninty'tutf Surrt yj 


i>f thi^ hars» Imt f^y Ining fujitiiuams it iiuliratrs tlia (lir(H*t-ion of 
I ho ohaoi^i* uioro t‘lonrly than \voul<l a bar I’hari. 

* * A vi'ty oMnnUiBl oli*inonf. iu grnpiuc proHont.ation 

**f alaUMtioH in flio Byntoiiinlio two of mordintilcHy Utai 
IH, iittinhi'ra whtoh th*t orittiiu‘ iho poHiiioti of a poiat in 

. ^ a (mm an^ two itnhvrmiio ntraight 

^ liitoH at right tti oaoh ot.h(*r. Tluar point of 

litlorH«H*ttoii, <>♦ iH taillod tho oHi/in, Tho Inut OX is 
rnlloti tho tixin nf A", or tiui axis of ahsdmdB, Tho 
linn f^F in iiiiIIihI tha axis of F, (tr tho axis of ardinake. 

® This typo of otirvo m wsforroci to m an ariihtwotic tiino ourva to distinguiBh 
it fttiiii othar typm of ctuna« {kigtirithnuo tima oiirva, fraquancy curve, and 
corwilatioii eiirvis) wMeli will be tlkctti^ed later. 





G2 MKTIi(U)S foh' /<; 

Thv griic*nil arraiigmiu'nt of a tina* riir\f* :^houid Mirh that 
it r(‘:uis from Irft tt) right, 'rhti^. a^ in Tart i ‘ of l ixfiilaf 73, \u* 
follow tho aurvo o\(*r tha poriud in fho dirrriion in wlnrh \u* 
natiiraii}’' laau!. As fur us possiblr, tia* [»ait*i'Uig shtadti !♦»* so 
|)hi(aHi that it (*an ho roail horizontally from loft !<» nyhi. W hm 
it- oannot lx* so plaotul, it shouhi n\ati tr«nu hoffoin t«> tup. 


Ottf* 

ON'^J 



KxiinuT 7U. (’oiuj'nrimm <.>f tmr fiial tnirvo iitrfhnOi i*!' «!)t (U inj,; tun*- 


The Arithmetic Vertical Scale. In tho vrrtiral : oalo tor an 
arithmetic' tinu' tairvtn t'qtnil spaoos ropro;^»at! »‘quai \aiuo.‘'. 
Thus, in tho original of lOxhihit 7'1, oia-half of an nioh if prr.o-nlfnl 
$10 aiiywlion' in the* sonlta It sliouid ho nofod, ho\\r\rr, that 
<‘Xpn\ssions such as “ iiu*h Sltr' an* iH»t pIao»*t| i>n statn lic'al 
(‘harts, All nooossary monsun*inonts oan ho o ad muoh nnar 
(‘asily from tlu‘ scanlo on tin' graph, and in piiotographio tudargo- 
numts or rtaluotions tho soah\s aro tnkon onro 4}f antomatiofdly, 

Tin* (‘orroot position of tin* vortical soalo is on tho loft of fh«‘ 
first ordinate' (lOxldldt 74). If it will add anything tho raso of 
n'adiiig tlu' rhart, a. scadc* may ho pln«*od ntx flto right *4 tho last 
ordinato also, Imt in no <’aso slnnih! t ho stado Ito omit tod on 
tht‘ l(»ft. llio figuros of th(' sc»ah' should \n* oxaotly opfstsito tho 
linos whioli tla^y ropn^sont CHxhihif 74), d1io units tn whirti 
tho soalo is laid out should h<‘ oxphunod liy a oii|ition at tho to|> 
of th(^ H(*al('d 

Importance of Including Zero on the Vertical Scalto-- Wlir»ii 
tho probhan is om* of (‘ompariug ovor a |a*rioil of llm 
zmt line' and all of tin' scalo must bo iindiidtnl on llto graph. If 
tho lowi'r part of tin' soalo is not showiq ns hi Kxliiidi 14 tins 
nmdor in giv(*n <*ithor no di*finiio graphio Itiijiriwkiii cif ilio ii«» 
<diang('H'— or a v(*ry intwnniraio one* Biioh a rtiart is likoly t<» 

‘ See the discmaiaii of oaptiorii or «ca!o unit d«siinilkirti in ill# prwidtag 
chapter in connection with Exhibit (p, M), 
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p;iv(' tlio iinpn'ssion that i\\o })ri(‘(\s ivpn'KC'ntecl have iiicreas(Hl 
inueh inon^ than th(\y a(‘t.ually have, for only by referring to tlui 
sealt? can it Ix* se<‘n that th(‘ prices at the highest point have 
in(‘rc‘as(Hi by only ahont t\vo-t,hircLs, The correct impression 
is giv(‘n <nily winni tlu' \vhol(‘ seah' is incliulc‘d as in Exhibit 74/1, 
wlH‘n‘ tlu‘ incr(‘a.s(‘ app(‘ars in its triu* Halation to the earlicn* 


AVERAGE PRICES OF TWENTY- FIVE AVERAGE PRICES OF TWENTY-FIVE 
RAILROAD STOCKS RAILROAD STOCKS 



I'ii"*?* \9P7 !<:3?8 19/9 


KximoT 74. Anthiiu'f.ic iimo ourvo. A, OomH!t scale for making size 
coinparirttum. B, for size eoxiiparisons because lower part of vertical 

scale in «nit oil. (Sec Exhibit 76 for exceptions.) 

(Uiia. If it i« dt'Hin^d to uaci only the space covered by Exhibit 
74/i, tlu! v(^rti(!al scale of the chart in Exhibit 74^ may be 
contract<>d to fit, but the btise should not be cut off in size 
coinpariHons. (This principle was discussed also in Chapter III 
in conncKition with Exhibits 26 and 27 on pages 27 and 28.) 

Sometimes it is desired to show time changes without con- 
sidering the size or rate of change. For instance, suppose that in 
Exhibit 74A the purpose is to show the fact that prices have 
started upward, without considering either the amount or the 
rate of the change that has taken place. In such oases, if the 
entire scale does not appear, attention should be called to the fact 



ifi: 


f/.» i i;/ \ / 


1 >y shtiwiiii»; llu* liit»‘ l*»'l**'»*, u t-.iin.'* 

:is in I*‘.x!iihi! TTrl . ( *r si'rin>!\ \>\ ' 
uf tln^ |.!;nipli in l\\hiiut 7.^/*'. 1 .r ^ ‘ : 

pr<'\i‘ij! I }i«* I'radr'r ironi at ft -nipt ii; a: a. f : 
(»f ai/a.‘S ftH’ tlit‘ ditlt'Tt'tn «laft 



Mxuijin* 7o. 11 f hf •'jif II <' :il«* J:» tv<'. ‘a,..': 

;i jirral* u? fh»' ludfimi t.t t > j 


TtHs plot t lal in prn-» ntain* ii-l.itr.f P }f?i ffa lOdpii* 
mit liiM* as till' hasr alii»\«’ i*i‘ Ih-Imu uhiff) fin ran^ii r pltiffril. 
llu* vinnj linn nf a pnrnitlaip* r‘’lafi\r uaiy !•»' u" if 

is rt*lafi\*nly n lonjii' {liNtaiHa* frum Uia luu p» j i * iP Itur. It, Intw* 
nv(‘l\ thf ?,vrn linr ia inrftnltMi, p i-. inraPi * a.- aa Im lla* 

vahitxs plntinil. Fnr inslaittaa ii t hr uhnh -rail r i.inm, ami 
tiu* tnirvi* (Imps In 7.a nn I la* srair, lit I.xhihP 7ii. il m rasiti* 
to appriaanin that, thf aiirva has tlropjirp «»nr tunilh »«l \^jiy 
in /a^ro. 

Th^ Horizontal Beale* 'rim uittat i‘Minint*n!y arra'itini 
for t!i(^ hnrizontnl srala is nloita tlfn holtMin ul' !ttr gntpli, im slnittii 
in Kxhilnt.s 7i\^ 77, and H2. 'rids ptmtUuii is tin* nnml rusivniiitiii 
<mn fnr making cnmparismis frnm llm znro \mm*, tf it %%ili ittiikn 
ilm graph misim' to rnml, a srak* may In* plaianl iihnig !lin lo|i in 
addit.ion t4j thn oin^ aUnig tin* hoUoin, Unwrvnr, tin* sriiln 

along tin* Imitom Hhould iH*vnr In* oiuitpai, It is not nn’rssiiry ki 

^ n^ativi's of vtdiH*ii at giviai liiiios fin* tito poiwiiftiiwi tliil 

vahaw art* ttf a valuta ftir a rarifdii partial t-iikrti iia a nf ItMI. &m 
furiliar axpkiiaiioii mi pia 125 to IJik 
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or (‘Xpiain in what units tiu' tiiiu* s<‘al{‘.s <‘X{)r(‘ss('(i, 

t'xoopt whoii hours, days, or otlua' units art* usod uiiich ari' not 


INDEX OF DEPARTMENT STORE SALES 
NEW ENGLAND 1925-1929 

AV( N'V ,i 



Isxinuri* 7<i, ( 'uiv«‘ “! r«arinv*'.s. 'I’Ik' y;(*ri) litir hikI th<» 100 jx'i* 

(’<«nt line Hhnulil }<)• Thx (Mirvrri. lutucvcr, hIjouIiI }m' tiu* lu^nvicHt 

rulinii: itu tlx* fhart. 


NEW YORK STOCK EXCHANGE TRANSACTIONS 
JANUARY 1927 TO DFCEMSER 1929 



JUN AW, juy bet JAM. AW. JULY 5 £T WT AW 7 ~®B OCT 

mr 1928 1929 

Munct- DUN'incview - 

Exhibit 77.—D««ignBUog month* by quarter*. 

ckiarly recognizable. Years or montlis are always clear without 
an explanation or designation. In maWng charts for general use, 



iW) (;NAPiiir Mh'Tiin!>s Hi sj\ysA >'/ 

it. is to <losi|inHt«‘ numtiis by ihcir r<.nuu<*i! of 'hif vun it *iis 

rath(*r tliun l>y thrir first hairrs. Ij'ttrr-'i ar*^ aunl'u- na,'; bff.'tiiM* 
ihv nanH‘S of more tiiaii nno inoiitli b<-uin uith fl;*' aia. liaTtT. 
(January, Juno, aiui July Ix'uiu wiili J. Marcia \1;!\ Viiih 
an<l April aiui Aua;ust with A. ) Ii‘ tlirr*- a lau iM.an i. i \,<r ;i|| 

tlu' ubbroviat ions iiori/.<»nl ally, it i> fUii-n »!«' iralt'U' lt» Iriu-r 
only th(‘ tpiarttu’Iy innntlis, as in i’AhilJt It, in v, hifo ijjr* tlnfa 
aro plottiai monthly ami tin* rulrtl luif- ami if-: noiatiitn; ajt' tin a 
(|uart(‘rly basis. In drsi^nat inijc by quart* f . • tour : f at t f inanv: 


DOLL AH’. 



A B 

lOxinuiT 7s. of poinOt m irs.ifii<K fn . i a il !ir.t t 

us(‘ th<‘ first month of oach qinirtm* Jannaav, \pril. July, ami 
Octohm'), vvhilo olhors pnJVr (o uno tiir la t nj«un!i" Mart-lq 
Jimo, S(‘[)t(unbor, ;m<l I hsaunbcr u* 

No arnnvs, dimonsion linos, or othrr gtndov. or lHa\r: ait* ma-ns*. 
sary to show tho nJation of niontiis to yoar'''. !n fro’i, m* hn»s 
should 1h‘ imdudod that an* not nrrfNsaiy tn r«'a«int|i, th** rhari. 
In showing dat.a b}' wocks, tin* monthly tin ivmir may bo rtaa* 
fusing if rultnl across tin* chart, but timy may bo mdicati^th if 

* Hoiiu' statiHiiciaa.H hold that ia a chart Itko 7U or 77 fh** line 

at tJic hcg:ii.mia^ of n H|hi.c<* rcprt*HcntiaiJi a yoar fJioiild oau v tho h}^.ar«'f4 fur 
l)t'(a*ndM‘r iiistcatl td January umslanvn*. < Hlion^ cto if tdiiuncd I'hat tho 
space ns a whole dm*H ant n*|n*cscnf n yoar, btthor plan will Hi-'rvo,, howovor, 
wlicn it is lanncinlanaHl that in ii. ntuncnnnihOtvr oh.in. hhr i.\|uhif Tti or 77, 
tint spa,c(* la'tavccn Iiiich riocs nt»i ri‘|ircHi'nl n perrod of onir, Iml ihr lim* 
itself n^puwentH a whole nioni-h. If the eurve 'm ouimdativ*;, thru not only 
the namtli hut the day of the inoiiih sliouhl In* niveii iaee FAhihii HS'l. 
Whatever nufthod is UH<ai, tho chart should he rlenr to tin* rentier. The 
pra<itie«^ lion^ Klanild he decided by an interiiiilionid agreeiiieiil iirn%a'al at 
by the Royal Htatist-ical Hociet.y, the .Anserteaii HiaPfilieiii and 

other sirnihir organifarthuiH, At the prcaeiit liino. Ii«»wever, fiwelice siwii 
to tend toward tlic^ cHtatilwhing of ti mnveitiifin that the litin m% the 
ning of a apace representing a year almll carry the for Ittoaiy* 
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dcsii'i'd, )>y addin, a: slnnd division marks vertically above the zero 
line (see Mxliihit 76 i. 


COAL ON HAND AT PLANT NO. 2 
1925-1934 

I'.TiJCK!. ARf, A,S OF THE FIRST DAY OF THE PERIOD INDICATED 



'rH.t. I'luMiual HpacinK for yoarw. (Incorro<*.t.) 

COAL ON HAND AT PLANT NO. 2 
1925-1934 

'.irK:Ks Am: as of the first day of the period indicated 



Kxiiiiiit ('ornni- of plotting data of lilxhibit 794. (Equal spaces 

^present equal periods of time.) 

Wladher points should be plotted on the lines, as in Exhibit 
78.4, or the lines, as in 7813, is a matter to be decided 

by piirsonal preference. In either case, the designation of the 



MKTiidlh^ I'nii />7 >/S/‘ 


C)8 

nmnth (or ollM-r pt‘rio<i‘ sltouM ho o\:jrfly ht-luu iIh* 

point ploltiMl in (»rtlor th:it (lit-ro rn:i> hr om r>^rv.: ITiU'p 

In Ihxhihit 7SJ uauM^ «>f n (iiMrjp] \- nj-tifi" th,* 

V(‘rticni ///o' on whi^’li tlio piiinf i- phtCfi'ii, if; ,s// ♦ :ir!; liaino 
isdiroctly uiuior tlio .s'/no'f' in wiiirli fho fH.n.t ol.oo.i. 

In tlu' hori/(»ntal sralo of tlir ii nai iii u^virul oiirv»-, ♦•piiai 
spjKH'S should roprosi'ijt rqna! uni? o? uv.j In tt.v it- priU 
I'lxiiihit 79.1 is w roiu: and nii'^loadini' Ofi-a,!; f.n.- pa‘-f »o. jP,. 
liorizontal soah* roprosont. iukt; > «aar,- a,iy sn Ir! a’h. In * h! rhai f, 
t}H‘ points Worn plotti-d annually ti^un f91!o o» ItJ.'iu. ua'in !\ia 
1981 and 1982 v\oi*(* phuiod vt unaiuuiany , v, a pintfrd 

([uaritu’iy, and, lU.'vl was plottiM} uiofifidy. ft i i *u uonaa fttplnf 
th(‘st‘ data in difforonl tiniruniiNii iho w-a.! nu- o i *! f i-iu > d hy 
(Hpial spams tiiroupdiout the prri«»d. a/ lu la^hihu 79ln icu it j.. 
wronfi; to 1981 throo tiino.s a'- inuoh paor-a: !P88. iX tina ■ a> 

inu(*h as 1981 and 1982, and twoho tintr a luuoi- a thr nrltrr 

yours. 

If llH'aks (H’cur in tho S('rio:-; hrinv; p!'r I»;t»d, flO' fa.r? ' hnldd 
1)(‘ indi(‘att‘d j.p\’ipldoally. I%\lnhit stt.l t inot«n'»'»’! in this 
rnsp('ct, as it duos not siiow thr di'-tinot luf aL iii thi- funt >■ 
h<»t\v(M‘n 19 M and 1919 whoro 1 vrar .ar»' luoitti d II fin hrrak 

is not iiuliratod, tlio rlTort is Hkoly to ho lui h adini.y *Ilto 

oornad mot hod of .showiuM^ suojt a hroak in thr hoiun.nfal 'o'alo 
is illustratod hy laxhihit Kt)/h 

Emphasis of Lines. ■ 'V\u* zoro lim* fdnuih! ho imnio hoa^y in 
orthu' that it. may ho sluarply dist iuj^tusho*! ffoiu tho oihor oounii- 
nat<* Uinvs, Usually it is thodraldo to oinpha' i/i th*^ hltl pi r oont 
linr* (hhxluiut^ 79) or any othor lino that iv unod m> a haw' I'tu* I la* 
comparison. In tho imriziUdal siutlo of a t tun* ^raph d in usually 
IkssI not. t^o omphasizo the first ordiuato muco, ,h rulo, it ts m > 
mon* iniportmrt than tho iithor urdimiioH. SomoliiuoH voriiniJ 
linos rc‘prosontitip; impcu’tant tituo divisions iiu* omphuMzod for 
tdio dofmiti* ptirposo of adtlinij; oltntm«‘Hs lo I ho graplp hut no 
linos on tho grapli inai|H*r Hlnnilti ho omptutsiiein} luoroly far 
doooraiivo piurposos. 

Idns curve m a grn|)h shoiihl hi* h«nivit*r lliiiii tlie eiairdfimta 
ruling, as it Hhoukl stand out clearly on the hm'lvgrtamd. Ttie 
tnirve and the zm> llm* sh<nild be prtuuinent, since they tlein® 

» B«<% prcvi<ni8 of the %im of the bar elmri in pro-uading Irn^pliif 

or iiicomptete seri« (Exhibit 72 cm p. 6i), 



lll.srolilCAL TIME EEHIEE—AHITIIMETIC C.IIAH.TE 69 


llu' limits of siz('s rcpn'si'iitod ; that is, tlui zero lino dofincs 
tile l)oil()ms ol lli(‘ sizes represeiilied and tlie c;urv(> dofinc's thn 
tops. Hine(' our inl.en'st is (umtered eliieliy on the curve, it 

WALWORTH SALES INDEX AND 
THE HARVARD "B" CURVE 


S, O. 



J^Lkuihit SO.'l. ()mi.ssi()ii in horizontal Htailo holwaa'ii l‘)I4 and not indinatod 
^graphically. ( IncornM*!.) 


Walworth sales index and 
THE harvard “B” CURVE 


S. 0. 



Exhibit Correct method of indicating break in horizontal scale. (Com- 

pare with Exhibit 80 A,) 

should be made heavier than the zero line. The background of 
coordinate lines should he very light as compared with the 
curves and zero lines (Exhibits SOB, 81J5, and 82). 

Scale Units and Number of Coordinate Lines. — The units 
of the scales should be given in round numbers of intervals con- 
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for H'ading. No more scale units or coordinate linos 
should ]>o shown on a graph than are necessary to aid the eye in 
r(‘ading tiie curve. Just how many to show is a matter for the 
elnirt, inak(U-\s judgiiK'nt, and will bo learned from exp(u-ienco. 
lIow(‘V(‘r, it is easy to see tlu^ diffennice in (effect by comparing 
h.xhibits 8Ll and 81 /i. l^lxhibit 81/:? has all of tlie lines tiuit are 
n(a‘(\ssa,ry for (aisy laauiing, while tln^ large mimbc'r of lines in 81/1 
adds nothing to fa,cilitate making visual comparisons.^ 


NET EARNINGS OF 
THE SENTINEL CANNING COMPANY 
1925-1934 

DOLLARS 



Exhibit 82 .— Showin/j; positive nnd negative variations in a single variable. 

Showing Plus and Minus Quantities. — Positive numbers are 
siiowu abov(^ the zvvq line, and if m^gative numbers occur in the 
sam(‘ s(‘ri(‘s tlu^y may be repn^sented along with the positive by 
plotting l>elow the; zero line as shown in Exhibit 82. In the 
original of tiiis chart (likhibit 82), profits arc in black and losses 
in red. Blocking in the areas between the curve and the zero 
base, as ixi Exhibit 83, makes the chart still more effective for 
some purposes. Wliile the areas are very irregular (Exhibit 83), 
the periods of high and low production stand out clearly. 

Smoothed and Broken Curves. — In charting non-cumulative 
data, the plotted points should be connected by straight lines. 
All that the lines between the points signify is the direction from 
one point to another, 

^ Exhibit 814 was made on coordinate paper, and the closely spaced lines 
are a convenience in plotting. 
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For instance^ in Exhibit 84 each ordinate represents a month. 
The first one represents the entire month of January, the second 
represents February, and so on. There is no time represented 
between the lines and there is no value on the curve between the 
plotted points. The point on the February ordinate represents 
the total for that month, but halfway on the curve between 
January and February would not represent the sales for the 
middle of the month. All that the curve does is to point the way 
from one total to the next. However, considering the period as a 



Exhibit 83. — Use of shading to emphasize variations. (Compare ■with Exhibit 

82.) 


whole, the area xmder the curve represents the sales over the 
year. 

Exhibit 85 shows the data of Exhibit 84 plotted on a cumulative 
basis. The space from one month to the next now represents a 
period of time, and every point on the curve may now be con- 
sidered as having a value. For instance, the point halfway 
between January 3 land February 28 represents approximately the 
sal^ acciunulaled from the beginning of the year to the middle 
of February.^ In variables rack as population series (Exhibit 

1 In laying out the spaces in a scale of months, the differences in their 
lengths are ordinanly disregarded and the months are equally spaced, as in 
ExMbit 86. 
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SALES OF BARBER AND COMPANY 
1935 


THOUSANDS 
OF DOLLARS 


TOTALS FROM JANUARY I 



Exhibit 85. — Smootlied curve. (Cumulative.) 
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86), changes rarely occur suddenly, and, therefore, sharp angles 
are seldom found in curves of such data. Consequently, in 
plotting cumulative data or a continuous series, the points should 
be connected by a smoothed curve, as a rule, and not by straight 
lines. In smoothing a curve, the maximum possible radius 
of curvature should be maintained constantly, and all sharp 
breaks should be avoided unless such breaks are actually known 
to have occurred, as in Exhibit 86 just before the year 1350. 


POPULATION OF ENGLAND AND WALES FROM 1100 TO 1900 
FortlM p«riod prior to 1800 tho boot ovofiobto ostimatoo havo boon usod 



Exhibit 86. — Both smoothed and broken curve. (An abrupt break occurs just 
before 1350. The remainder of the curve is smoothed and represents gradual 
changes.) {Courtesy of M. C. Rorty.) 

Throughout this book^ curves like those in Exhibit 84 will be 
referred to as broken curves, and curves like those in Exhibit 85 as 
smoothed curves. The subject of smoothing curves is discussed 
in greater detail on pages 146 to 150, inclusive. 

The importance of clearly distinguishing between the nature 
of a cumulative curve and that of a non-cumulative curve cannot 
be overemphasized. This point will be elaborated upon later in 
this book in connection with Exhibit 147 on page 133. 

Step Curves. — ^The step curve should be used when changes 
take place abruptly, as in showing the fluctuations in prices in 
Exhibit 87 or in number of operators in Exhibit 88. For most 
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purposes, however, this type of chart is not satisfactory, as it 
does not show the direction of change over a period so well as 



Exhibit 87. — A step curve. The step curve should be used when changes occur 
abruptly but it is ordinarily a poor form for showing the usual series. 



Exhibit 88. — The step curve is correct for showing changes which occur abruptly 
as in the curve of operators in the chart above. 


the broken curve, and it does hot bring out relations at individual 
points so well as the bar chart. If two or more step curves 
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cross one anotlier, they are very confusing, as the vertical parts 
coincide. 

Polar Coordinates. — When the problem is one of presenting 
data of phenomena which are repeated regularly, as every year 
or every day, the form shown in Exhibit 89 is sometimes used. 
While this form may have the advantage of showing a continuous 


TYPICAL TELEPHONE OFFICE IN 
BUSINESS SECTION OF CITY 

HOURLY TRAFFIC 



Exhibit 89. — For business use the method shown in Exhibit 88 is better than the 
method shown here, (Compare with the curve of calls in Exhibit 88.) 

recurrence better than a curve plotted on rectangular coordinate^ 
(Exhibit 88), its use should be discouraged in most instances, as 
the method used in Exhibit 88 is much easier for the business man 
to read and understand than the radial plan (polar coordinates) 
used in Exhibit 89. 

An exception to the preceding rule may be made, however, 
in the case of showing a graph in relation to a clock or other dial 
instrumen't. For instance, an effective chart based on the same 
general plan of E x hibit 89 is shown in Exhibit 90. This method 
of shading areas, however, exaggerates the values represented. 
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While occasionally this type of chart (Exhibit 90) may be used 
effectively, it is not recommended for general use, as the reader is 
likely to interpret the chart on the basis of area rather than 
lengths of radii. When the reader is familiar with their uses, 
polar coordinates are not objectionable as used in connection with 
various kinds of recording devices, such as voltmeters, ammeters, 
steam gages, and water pressure gages. ^ 


ACCIDENTS EACH HOUR OF 
THE WORKING DAY IN THE 
WALKER MANUFACTURING 
COMPANY’S PLANT 

(IN PERCENTAGES OF THE TOTAL) 



Exhibit 90. — The plan of Exhibit 89 applied in popular form to a clock. (Note, 
however, that the larger values are exaggerated.) 

Presenting Tabular Data on Charts. — When it is desirable 
to present the numerical data along with the graph, this may 
be done as illustrated in Exhibit 91, in which the data are included 
at the top of the diagram, or as in Exhibit 92, in which the data 
are presented as a table. Of course, when the method illustrated 
in Exhibit 92 is used, the table need not be placed at the end of the 
graph if it is more convenient to place it elsewhere on the chart. 
If the table is long or complicated, it is best to present it sepa- 
rately rather than as part of the chart. 


^ It should be appreciated that, althougli Exhibits 88, 89, and 90 present 
time series, these series are not strictly historical. They are presented at 
this point, however, because of their relation to the historical series under 
discussion. 
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MONTHLY SALES OF HAMILTON 
MANUFACTURING COMPANY. 1933 



Exhibit 91, — Tabulation of data on chart. 


MONTHLY PRICE OF CRUDE PETROLEUM 
(KANSAS -OKLAHOMA), 1933 


DOLLARS 



JAN, FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. 


JAN. 

$0.53 

FEB. 

.3e 

MAR. 

.38 

APR. 

.38 

MAY 

.28 

JUNE 

.32 

JULY 

.46 

AUG. 

.51 

SEPT. 

.77 

OCT. 

.94 

NOV. 

.94 

DEC. 

.94 


Exhibit 92. — ^Tabulation of data on chart. 
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COMPARISONS OF SIZE CHANGES IN DIFFERENT TIME 
VARIABLES 

Probably the greatest use of graphic methods in business 
statistics is, not only in showing how the size of a single variable 
changes, but in comparing the sizes of two or more variables over 
the same period of time. 


PAPER PRODUCTION IN THE UNITED STATES 
1932 AND 1933 


THOUSANDS 



1932 ’33 
PAPER 
BOARD 


'32 ’33 
WRAP- 
PING 


’32 ’33 
NEWS- 
PRINT 


’32 ’33 
BOOK 


'32 ’33 *32 ’33 

WRIT- OTHERS 
ING 


SOURCE! SURVEY OF CURRENT BUSINESS 

Exhibit 93. — Two points of time compared for six pairs of items. (Compare 
with Exhibit 94.) {Adapted from Newsprint Service Bureau.) 


Choice of Forms — ^Bars and Curves. — When, for several items, 
one point of time is to be compared with only one other point 
of time, a bar chart like Exhibit 93 is easier to read than a curve 
chart. In this case, six different items are represented for 1932 
and 1933. In order to make the comparison stand out clearly, 
one kind of shading is used for the 1932 bars and another kind 
of shading is used for the 1933 bars. Thus, one can easily 
compare the different items for each year simply by observing 
the same kind of shading throughout the comparison. When 
this kind of oom^parison is made, & bars should be arranged 
in pairs (or groups) for each item represented, as shown in 
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Exhibit 93. The time scale for each group should read from 
left to right as shown. Sometimes the bars of charts like Exhibit 
93 are arranged in order of size, but this is not good practice 
if the normal order from left to right in the time scale is reversed. 
The correct method is illustrated in Exhibit 93, in that the year 
1933 should follow 1932, as shown, and not precede it for the sake 
of the order of size. 


NEWSPRINT PRODUCTION IN 

THE UNITED STATES AND CANADA, 1928-1933 

THOUSANDS 

OF TONS 
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Exhibit 94. — ^Two items compared at six different points of time. Compare 
witJi Exhibits 93 and 95.) {Adapted from Newsprint Service Bureau,) 


In Exhibit 94 a different problem is represented. Exhibit 93 
shows 6 items for 2 years, while Exhibit 94 shows 2 items 
for 6 years. In Exhibit 93 the different shadings represent 
different In Exhibit 94 the different shadings represent 

different items; that is, one kind of shading represents United 
production over the period, and the other represents 
Canadian production. 

Bar charts like IMiiMt 94 may not be easy to read if more 
than two series are represented. Three, four, or more different 
kinds of shaded bars for each year are diflicult to follow over a 
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period, although there are instances when the comparisons 
within each group are so important that the use of several bars 
for each period is justified (see later discussion of Exhibit 96). 
While a chart like Exhibit 94 presents the comparison quite 
effectively, especially when only two series are to be shown, 
the curve method is most commonly used in such presentations. 
Exhibit 95 shows the data of the bar chart in Exhibit 94 plotted 


NEWSPRINT PRODUCTION IN 
THE UNITED STATES AND CANADA, 1928-1933 

THOUSANDS 
OF TONS 



SOURCE-. NEWSPRINT SERVICE BUREAU BULLETIN 

Exhibit 95. — Data of Exhibit 94 presented as curves. (The most common 
method of presenting this kind of comparison.) {Adapted from N ewsprint 
Service Bureau.) 

as arithmetic curves. Often the bar-chart method of Exhibit 94 
is better than the curve method of Exhibit 95 when data are 
presented to those inexperienced in the use of charts, but other- 
wise both charts are read in the same way and give the same 
impression. 

Exhibit 96 presents an example of a chart in which groups 
of four bars are shown for each year (upper graph) and for 
each month (lower graph) . While it is more difficult to compare 
the series over the entire periods shown than it would be if 
curves were used, the relations within each group are sufficiently 
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important to justify the bar method. The bars in each group 
show the relations between production, shipments, stocks, and 



Exhibit 96 . — ’Bas: chaxt comparing four items for each unit of time in the periods 
represented, {Data from Survey of Current Business.) 


unfilled orders in. such a way that the business man concerned 
can plan his own operations with due regard for the conditions 
shown. 
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Scales for Size Comparisons. — In Exhibit 94 we compare the 
lengths of bars representing the United States with the lengths of 
those representing Canada. In Exhibit 95 we compare the space 
between zero and the curve for the United States with the space 
between zero and the curve for Canada. Such comparisons 
indicate how important it is to begin with zero and to show the 
whole vertical scale. The importance of this principle is indi- 
cated further by Exhibit 97, which (without the dotted addition) 
is likely to leave the visual impression that exports in 1924, 
for instance, were about twice as great as imports, while, as a 


UNITED STATES IMPORTS 
MILLIONS AND EXPORTS 1921-1930 



Exhibit 97. — In comparing sizes it is important to include the whole scale. 

matter of fact, by studying the scale one can see that they were 
greater by less than one-third. This true relation would be 
shown clearly if the chart were drawn to include the entire scale 
as indicated by the dotted lines. If for some reason the entire 
scale is not used, the reader should be warned as explained in 
connection with Exhibit 75 on page 64. 

Variables of positive and negative values may be compared 
by plotting above and below the zero line as shown in Exhibit 98. 
Note that the shading of the resultant tonnage is especially 
effective. 

When comparing sizes, it is necessary to have a scale that is 
common to all of the series considered. That is, we cannot com- 
pare cotton in bales with wool in pounds and get a true impres- 
sion of the relation between the amounts of the two textiles. 
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This can be done only by using a common unit, say, pounds. 
We cannot directly compare quantities of oil in barrels with tons 
of coal, but, by reducing them to pounds, monetary values, 
heat units, or other units common to both, we can plot them 
to the same scale and make direct comparisons. 

A double-scale arithmetic chart, like that in Exhibit 99, is not 
recommended for general use. It is likely to mislead the reader, 
who might assume that the curves may be compared directly. 



Exhibit 98. — Comparison of positive and negative values. (Adapted from 
General Electric Co.) 


since they are placed on the same graph. Such curves, as a rule, 
should be plotted to a common scale or on separate graphs. If 
the of the items are to be compared over the time period, 
it is imperative to have a common arithmetic scale. If rates of 
dtange are to be shown, the curve should be plotted as described 
in liie following chapter. 

Although it is not good practice, as a rule, to use more than 
arithmetic scale on a graph, situations occur occasionally 
which hmJse tins procedure de^able. Exhibit 88 on page 75 is 
an example of the use of two different arithmetic scales and, 
since there is a definite relationship between the two, e gpod 
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comparison can be made. When two scales are used, both should 
be placed on the same side of the graph (as in Exhibits 88 and 99) 
rather than one on each side. If a different scale is placed on 
each side, the left-hand ends of the curves are liable to be read 
from the left-hand scale, and the right-hand ends from the 
right-hand scale. 

Differentiating Curves. — When two or more variables are 
represented on a graph, it is necessary so to differentiate the 



Exhibit 99. — Such a use of more than one scale ordinarily is bad practice. The 
curves cannot be compared as to sizes represented. 


curves that there will be no difficulty in distinguishing them. 
This practice is desirable even if the curves are in different parts 
of the field and do not cross, especially if there is any likelihood 
that later periods or other series may be added. If the curves 
are close together and cross each other, it is particularly neces- 
sary that they be made in such a way that each curve can be 
followed across the graph without confusion. There are two 
common methods of differentiating curves. One is by using 
different colors, and the other is by using different kinds of dot 
and dash combinations in black such as those illustrated in 
Exhibit 100. The latter method is the one commonly used when 
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the charts are to be reproduced by any kind of photographic 
process. 

Designating Curves. — When two or more different curves are 
plotted on a graph, it is necessary to designate them with the 
names of what they represent. This is done in two different 
ways. One is to place the names along the curves near the left- 
hand ends or beginnings of the curves (Exhibits 1004 and B). 
This method is most convenient from the point of view of the 
reader, since the designation is directly connected with the curve. 
The designations are lettered horizontally if there is room 



ABC 
Exhibit 100. — Differentiating and designating curves. 


(Exhibit 100^); but if the curves are crowded, the designations 
may be lettered along the curves as in Exhibit 1005. The 
other method is to designate the meanings of the different kinds 
of lines by a separate key or legend elsewhere on the chart as in 
Exhibit lOOC. Of these two methods, the one illustrated in 
Parts A and B is recommended as best for general use. 

Number of Curves* — The number of curves that can be placed 
successfully upon a single graph depends chiefly upon the way in 
which they are distributed over the field, but in no case should 
many curves be plotted on one graph as are shown in Exhibit 
101. In such a chart it is almost impossible to follow a curve 
across the graph. In Exhibit 102 seven curves are too many, 
as they nm together so badly that the individual curves can be 
distinguished only with difficulty. An exception may be made 
to this rule, however, when curves are plotted together to show 
correlalioii, which is the purpose of Esidbit 102. 




HISTORICAL TIME SERIES— ARITHMETIC CHARTS 87 


PRODUCTION OF BJTUMfNOUS COAL IN MICHIGAN AND STATES WEST OF MISSISSIPPI RIVER 

1917 - 1918 



2-WYIIMlNE i-KANSU I-MISOIUII t-WKlM M NLWWXSa U-TLXAt U-NSRIHUraiA 

Exhibit 101. — Hopeless confusion. Too many curves. (Other errors are light 
zero line and wrong position of time scale.) 


BUILDING ACTIVITY IN 
SEVEN SECTIONS OF THE UNITED STATES 
1910-1933 

(IN PERCENTAGES FROM NORMAL) 

PER CENT 
+ 100 

+ 75 

+ 50 

+ 25 

Normal 

-25 

-50 

-75 

-lOO 

1915 1920 1925 1930 

NEW ENGLAND WEST NORTH CENTRAL 

MIDDLE ATLANTIC SOUTH ATLANTIC 

EAST NORTH CENTRAL SOUTH CENTRAL 

WESTERN 

Exhibit 102.-:--^Confusion of indivichiial curves, but good practical method of 

showing correlation. 
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If a large niunber of curves must be shown on a single chart, 
the method illustrated in Exhibit 103 may be used which shows 
twenty curves successfully. A large number of curves may be 
shown clearly and compared easily by using this method of 


INDEXES OF UNITED STATES INDUSTRIAL PRODUCTION 
BY YEARS, 1920-1929 

(ADJUSTED FOR SEASONAL VARIATIONS) 

RELATIVE TO THE 1923-1925 AVERAGE 
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ExmBiT 103.— A good oaethod of showing a large number of curves, 
dividii^ a chart into a number of small graphs which, if plotted 
as a s^e graph, would result in hopeless confusion. When 
charted as in Erfiibit 103, ail of the small graphs should be 
drawn to exactly the same scales. Otherwise, they cannot be 
compared easUy and they might be compared inaccurately. 
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Standardization. — Annual figures, or data for other definite 
periods, are often placed on different charts for convenience, and, 
when it is desired to make direct comparisons of these different 
charts, they should be drawn to the same scales so far as possible. 
That is, the units of the vertical scales should be the same on 
all the charts, and the units of the horizontal scales should be 
the same on all the charts. For instance, if 1 inch equals $100 
in the vertical scale of one chart, it should equal the same amount 
on each of the other charts, and if 1 inch equals 1 year in the 
horizontal scale of one chart, it should equal the same period on 
each of the others. Without this standardization, the curves 
may be distorted, as illustrated in Exhibit 104, which shows how 



C D 

Exhibit 104. — Distortion caused by different scales. 


exactly the same data appear when plotted to different kinds 
of coordinate spaces. Comparison of sizes over a period of 
time, therefore, is greatly facilitated by the use of common scales, 
whether the comparisons are made on the same or on separate 
charts. 

In Exhibit 105 arithmetic curves have been laid out propor- 
tionally in an attempt to show relative change. That is, the 
ranges of the variations in the two series are given about the 
same space in the vertical scales of both graphs, and the units 
are designated accordingly, which is in a ratio of one to two. 
Thus, if the ^^ New York^' curve drops from 1,000 to 500, it is a 
decrease of 50 per cent. If the “All Others"' curve drops from 
2,000 to 1,000, it also decreases 50 per cent. These changes 
would be represented by the same distances on the scale when 
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they are laid out as shown in this example. This practice, how- 
ever, is not advised for general use, as it is best to use the logarith- 
mic chart when showing rates of change.' 

Range of Variations. — In Exhibit 106 curves are plotted for 
both hi gli and low prices for each series and the areas between 
are shaded. Thus, the range of stock prices over the period is 
clearly shown. Another good method of representing range of 
prices is shown by Exhibit 107. Here, the top of the bar repre- 



Exhibit 105, — Scales laid out in proportion to range. (Not advised for general 
use — see Exhibit 145 on page 130.) 


sents high and the bottom represents low, while the length shows 
the range. This method enables the ranges for different dates 
to be compared readily. 

Double Time Scales. — Exhibit 108 illustrates the use of a 
double time scale in the comparison of two separate periods. 
Here two different sections of time are compared, but the units 
are not different, as yearly intervals are used for both curves. 
In this way, one year (plotted in months or weeks) is often 
compared with another in studying seasonal variations (see 

* For further explaaatioii of the dangers involved in this practice, see 
the <&©ut^ion of Ibdiibit 145 on pp. 129-^131. 
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COURSE OF THE STOCK MARKET 
1897-1930 

DOW, JONES AVERAGES (HIGH AND LOW) 
NEW YORK STOCK EXCHANGE 



Ql,. I I „.l ..L. 1 I.,..! , 1 1 1- I, I I I .L.L. I I l„ M I I I 1 1. I I I, J I i-,1 

1897 1900 1905 19)0 1915 1920 1925 1930 


Exhibit 106. — Range of variation. (Shading between curves.) 


RANGE OF THREE HIGH-GRADE COMMON STOCKS 
1920-1930 
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Exhibit 107. — Range of variation. (Bars.) 
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Exhibit 139 on page 123). The curves in Exhibit 108 are freely- 
smoothed from the points plotted on the vertical lines. 

Different Time Scales. — Often it is desirable to show the more 
current data in greater detail than the more remote. Thus, 
in Exhibit 109 the current year is shown on a monthly basis, while 
the preceding years are shovm on an annual basis. Two different 
time scales are used. When data are shown in this way, it is 
important for the sake of clearness and accuracy to leave a sub- 
stantial space between the two graphs, as shown in Exhibit 109. 


COMPARISON OF INTEREST RATES DURING 
CIVIL AND WORLD WAR PERIODS 



Exhibit 108. — Comparison of different time periods. 

Sometimes the inexperienced chart maker does not separate 
the graphs, but this practice of placing them together is con- 
fusing and often results in wrong impressions. The chart under 
discussion (Exhibit 109) is taken from a monthly report in which 
the same form is used each month. The original form is laid out 
at the beginning of the year and then, as the data for each 
succeeding month become available, the chart is brought up to 
date and a photostat copy is made of it. 

Smooflied and Broken Curves in Comparisons. — ^The rule for 
choosing between smoothed and broken curves in comparisons 
is, of eoto^e^ the same as previously discussed for the single 
curve. K the value represented for each period does not include 
any of the value for the previous period, all that the curve shows 
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Exhibit 109, — Different time scales. Separate graphs for showing remote and 
current djita together on one chart. {Cbuiimy of E. I. dm Povt de Nemours (Sc Co, 
Data hypothetical.) r 
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is the direction of the change in the new figure, that is, whether or 
not it is greater or less or the same. The values are represented 
by the plotted points, and there is no value on the curve between 
points. Thus, in the case of the monthly sales curve in Exhibit 
110 (solid line) the point plotted on the January ordinate repre- 
sents the sales for January, the point plotted on the February 
ordinate represents the sales for February, and so on. The 
ordinate represents the month, and the space between the lines 
does not represent any more than does the space between bars 
when comparing, say, populations of New York and Chicago. 



Exhibit 110. — Use of separate cards for showing continued series. 


The only purpose of the curve in showing non-cumulative data 
over a period of time is to indicate the direction from one point 
to the next, and to define the area between the points and the 
zero line; this area is used as a basis in comparing the different 
series. 

If, however, the value at any point includes the value repre- 
sented at the preceding point and is merely a change in the total, 
or if the new value is simply a variation in the old value, there 
seldom will be abrupt breaks, and a smoothed curve is ordinarily 
more representative than a broken curve. Thus, the smoothed 
curve was used in Exhibit 108 because the old rate changes — 
there is not an entirely new rate established each year. In 
Exhibit 110 the curve for ''Total since first of year^' (dotted line) 
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is cumulative and is gradually changing throughout the space 
between the plotted points. It follows, therefore, that the point 
on the dotted line midway between the lines representing June 30 
and July 31 would give, very closely, the total accumulated from 
the first of the year to July 15, 

When curves are smoothed as freely as those shown in Exhibit 
108, they are sometimes misleading to those who do not under- 
stand them. In common practice, such curves are usually 
plotted as broken curves. 

Since, in charting cumulative figures, a period of time is 
represented by the space between the designated dates, it is 
necessary to have as many spaces as there are plotted points in 
such charts as Exhibit 111. In this chart, the figures are plotted 
on the last of each month. In order to have the chart complete, 
a space must be allowed at the beginning of the graph to show 
the accumulation during the month of January. In annual 
graphs of non-cumulative figures, twelve lines (eleven spaces) 
are all that are needed if each line represents a month ; but when 
such charts are drawn to be compared with other charts, as in 
Exhibit 110, it is well to have an extra space at the beginning or 
the end of non-cumulative graphs in order that the space between 
January and December may be the same as between the other 
months when the graphs are placed end to end (see also Exhibit 5 
on page 11). 

Shading to Show Differences. — The use of shaded areas, 
as in Exhibit 111, often brings out certain facts more vividly 
than the use of curves alone. In Exhibit 111 the dashed line 
represents the materials consumed in manufacture. The dotted 
line represents the figures at which the raw material inventory 
must stand if there is always to be a 4 months' supply on hand. 
It will be noted that a certain point on the dotted line is reached 
by the dashed line just 4 months later. The solid line represents 
the actual inventory on hand. In order to emphasize the differ- 
ence between the actual and the ideal supplies, the area between 
the two lines was shaded, and this brings out very clearly the 
excess of unnecessary raw materials. 

A method similar to the foregoing is used in Exhibit 112, in 
which the solid line represents an ideal expense budget of $100 
per month. The dashed line shows the actual expenditure to 
date and how much it is above or below the ideal. In the original 
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of this chart the areas above the solid line were shaded in red 
and those below in black. This method of shading is very 


'MATERIALS AND SUPPLIES IN RELATION TO. 
CONSUMPTION IN MANUFACTURE 


<Ottmulativ6 monthly figures for current 
yoar - 1920) 


Million,# of 



Jan. Feh. Mar. Apr. May Jun. Jul. Aug. Sej t, Oot. Nov. Deo. 
31 20 31 30 31 30 31 31 3C 31 30 31 

Quarterly Forecast < Annual Forecast ♦— 

The distance "between the solid curve and the hroken, curve 
represents the investment in materials and supplies. The Ideal 
curve assumes a four nionths supply always on hand. The distance 
from the dotted curve to the solid curve (shaded) represents 
excess investment. 


EtSHiBiT 111. — Sliading to emphasize differences. {Adapted from E. /. du Pont de 
Nemours & Co. Data hypothetical.) 

effective in callmg attention to whether the expenditures are 
too lai^e or 

Indicating Forecasts. — The arrows on the chart in Exhibit 111 
represent forecasts. At the beginning of the year a forecast is 
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made for the manufactures curve for 3 months, and this point is 
indicated by the arrowhead at March 31. At the same time the 
point which the curve will reach at the end of the year is esti- 
mated, and indicated by arrow 1 at the end of the graph. The 
quarterly forecasts are made at the end of each quarter, and at 
the same time the forecast for the end of the year is revised, 
and indicated as shown. Other forecasts, such as a moving 



Exhibit 112. — Shading to emphasize differences between ideal and actual 

expense. 

annual forecast, may be indicated in the same way. Another 
method of indicating forecasts is to use separate curves. 

COMPONENTS OF A TIME VARIABLE 

Choice of Forms— Bars and Curves.— Often it is desirable 
to show the component parts of a time variable and this may be 
done in various ways. Exhibit 113 illustrates a simple method of 
showing how new passenger-car registrations in the United States 
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NEW PASSENGER CAR REGISTRATIONS 
UNITED STATES. 1930-1934 

□ OTHERS 
1 PLYMOUTH 
I CHEVROLET 
MILUONS ■ 



Exhibit 113. — Component parts of a time variable shown by separate component 
bars, {Adapted from Standard Statistics Service.) 


DISTRIBUTION OF BITUMINOUS COAL 
DUMPED AT HAMPTON ROADS 
BY WEEKS, APRIL 1918 TO MARCH 1919 



Eihibit 114. — Coiopon^t bars coaneoted by limes. 
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were distributed by makes over the period from 1930 to 1934. 
In Exhibit 114 the lines connecting the components of the bars 
are intended to aid in following a certain component over the 
period. However, this chart is somewhat difficult to read, as the 


WOOL PRODUCTION 

Prodnetiott of Wool in the Twelfth Federal Reserve Oistrict and the 
United States and Total Consnmption of Wool In the 
United States, 1910-1921 


MfUIONS OF POUNDS 


MILLIONS OF POUNDS 



1910 1911 1912 1913 1914 1915 1916 1917 1916.1919 1920 1921 


Exhibit 115. — Component bars with no intervening spaces. {Courtesy of Federal 
Res&roe Bank of San Francisco.') 

cross-hatching is not distinct and there are too many small 
to allow clean-cut comparisons. In Exhibit 115 the 
chart is easy to read, as the components are continuous over 
the period and can be followed directly across the chart. This 
condition is possible, however, since the data do not change 
much, and the same kinds of components are always opposite 
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each other. That is, for instance (in Exhibit 115), an "Other 
States” component is never opposite a “Balance Imported” 
component. This difficulty is often met in Exhibit 114, which 
would be easier to follow over the period if it were plotted as 
curves and the areas between the curves were shaded as in 
Exhibit 116. Exhibit 115 should be considered as bars placed 
together — ^not as step curves with the areas filled in between 

DTFOStT UABIUTICS OF NATIONAL BANKS, Id/4-f3i0. 

TndzFidaalANUiUisabfeetlo^ecK. * •*- 



K xh iBiT 116. — Shading of areas between curves to show component parts. 
{Courtesy of Federal Reserve Board.) 


them. The reason for this can be seen by referring to Exhibit 114, 
where the same kind of component may, at a given date, be far 
above or below its position on other dates. Exhibits 116 and 117 
give a more continuous picture of the series than do the bar charts 
in Exhibits 113, 114, and 115. 

Designating Shaded Areas. — ^Two methods of designating 
the belts, as the areas between the curves are called, are 
illustrated by Exhibits 116 and 117. If there is room for the 
designations, the method of placing them on the belts, rather 
tiian in an outside legend or key, makes them easier to read. 
Large white spaces should not be blocked out in the belts for the 
designations, as this interferes with the conception of the sizes 
of the areas. 
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Actual Sizes and Percentages. — So far, this description of com- 
ponent parts of time variables has included only actual sizes of the 
values represented. Frequently it is desired to know what per- 



Exhibit 117. — Designation of belts on a component time chart. Compare 
with legend on chart in Exhibit 116. {Courtesy of American Telephone and 
T degraph Company.) 


INCREASING PROPORTION OF 
RETAIL GASOLINE DOLLAR GOES FOR TAXES 



1924 1926 1928 1930 1932 1934 


Exhibit 118. — A simple method of showing changes in component parts over 
a period of time. {Adapted from AtUomohUe Manufacturers Association,) 



of the changes. In instances where the total does not change in 
size over a period, the actual size distribution and the percent- 
age distribution of the components would appear the same when 
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shown graphically. When the totals vary in size over the period, 
they may be represented equally as 100 per cent, and the com- 
ponents plotted proportionally. 

A component time chart based on a series of ^^pie” diagrams 
is presented in Exhibit 118. In this illustration each circle 
represents 100 per cent and the sectors represent the components. 


DIVISION BETWEEN THE FARMERS. THE ELEVATORS. 
AND THE RAILROADS OF THE PROCEEDS OF A CAR- 
LOAD OF CORN SHIPPED FROM SIOUX CITY, IOWA, 
TO CHICAGO 





Exhibit 119 . — A pictorial component time chart. {Courtesy of the United States 
Department of Agriculture.) 

The circles are equally spaced and the spaces represent equal 
intervals of time. The chart is clear and simple and would be 
understood readily by readers of popular publications. 

Another simple chart that is understood easily is shown in 
Exhibit 119. Pictorial methods of this type are valuable in 
making popular presentations and offer an almost unlimited 
field of possibilities. 

It is easier for the average reader to grasp the relative values of 
Exhibit 121 than of Exhibit 120. A conception of the relations 
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ia Exhibit 120 caa be gained with" less effort if but one curve is 
used and the areas are shaded as in Exhibit 121. The shading 



Exhibit 120. — method of showing percentage relations of two components. 

(Difficult to read.) 


NEW YORK STOCK EXCHANGE 


DISTRIBUTION OF SALES 1895-1921 



WAU. STRECT JOURNAL 

Exhibit 121. — much clearer method of presenting the data of Exhibit 120. 

gives the components a sharp contrast and makes the chart clear 
to many persons who ordinarily would be confused by a curve 
chart like Exhibit 120. 
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When several widely varying components are to be shown, 
it is much easier for the eye to carry them across the period if 
they are presented in the belt chart form (Exhibit 122) than when 
they are presented in the bar form as shown in Exhibit 123. 
However, the method used in Exhibit 123 has the advantage 
when the emphasis is placed upon comparing the components at 
certain points, rather than upon showing the changes over the 


PERCENTAGE DISTRIBUTION OF FULL TIME CAPACITY 
OF BITUMINOUS COAL MINES IN THE UNITED STATES 
1920 - 1921 
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Exhibit 122.— Use of component curves to show percentage distribution of 
several components. 


period. The comparisons of the irregular areas in Exhibit 122 
are not easy to make, and care must be taken not to compare the 
widths of the belts. Either the areas or the vertical distances 
between the curves must be used as the bases for comparisons. 

Ov^ppng— A Common Error.— When the areas between 
curves are shaded, they must not be assumed to overlap. Such 
shading Phchibit 124) is misleading. The chart in Exhibit 124 
Is wrong, as the fewer curve repri^ents an entirely different series 
from the upper curve and not a component part of the upper 
curve. Imports are not a part of exports. The curve of exports 
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COAL MINE OPERATION IN THE UNITED STATES 

PERCENTAGE DISTRIBUTION OF RUNNING TIME AND LOSSES 
OF RUNNING TIME. BY WEEKS. OCTOBER 1917 TO MARCH 1919 



■ 


Preauec& 


- eceount of ri iftsT - oeeoom* of' p|io3F-oeeo«y»F of 
Moo rnorXKt Uo// oi^/ter coua^ea 


Exhibit 123. — Use of component bars to show percentage distribution of several 
components. (Courtesy of the United States Geological Survey.) 


EXPORTS AND IMPORTS OF LUMBER 
AND LUMBER PRODUCTS, 1921-1931 

MILLIONS 
OF DOLLARS 
175 r 



Exhibit 124 . — A common error in use of shading. Not component parts. Both 
curves are measured from the aero Kne. 
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is measured from the zero line and not from imports as a base, 
and hence the areas should not be shaded. 

Shading Components* — The shading for the different divisions 
of a component time chart must be chosen very carefully if the 
graph is to be easy to read. Colors can be used very effectively 
in component charts and, when used, should be representative, so 
far as possible, of what is shown. For instance, the original of 
Exhibit 122 was a colored wall chart on which black represented 
coal production, and blue represented business depression or no 
market. This point, however, in the use of colors is only of 
minor importance and cannot be carried very far. Black and 
white shading usually is arranged in order from dark to light, but 
sometimes this order is changed to secure a greater contrast 
between the different components. 



CHAPTER V 


HISTORICAL TIME SERIES {Continued) 
LOGARITHMIC CHARTS 

So far, this study of time series charts has included only 
variations in size over the period, and the charts were constructed 
on simple arithmetic scales. It is the purpose in this chapter to 
describe the construction and use of charts showing rates of 
change. In this connection a knowledge of the logarithmic scale 
is necessary. The purposes of arithmetic curves and logarithmic 
curves are entirely distinct. One cannot be used instead of the 
other and, in fact, a clear understanding of the arithmetic curve 
is practically impossible unless one understands also the logarithm 
mic curve. Although in the past there has been considerable 
prejudice on the part of the business man against the logarithmic 
chart, he is now using it much more widely since he appreciates 
its importance and recognizes its simplicity. 

RATES OF CHANGE IN A TIME VARIABLE 

The preceding chapter covered principally problems of 
changes in size in time variables as illustrated, for instance, in 
Part A of Exhibit 125, in which the size of the population for 
any one point of time can be compared with the size for any other 
date. That is, we can see that the population of 1930, for 
instance, is about twice that of 1890. We cannot, however, in 
Part A, compare the rate of increase of one section of the curve 
with that of another. Although the curve is steeper from 1920 to 
1930 than it is from 1820 to 1830, it does not mean that popula- 
tion is increasing more rapidly in the later period. It means 
simply that the actual difference in size is greater. If the rate 
of change is to be shown, the logarithmic^ vertical scale can 

1 The Briggs or Common system of logarithms, which is the system in 
ordinary use, expresses any given mimber as a certain power of 10. That 
is, the logarithm of a given mimber indicates what power of 10 that number 
is. Thus the logarithm of 10 is 1; the logarithm of 100 or 10® is 2; the loga- 

107 
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be used, as in Part B of Exhibit 125, in which the slope of the 
cuTve indicates the rate of growth. It is readily seen that this 
rate is falling off slightly since the curve is less steep in the later 
part of the period. 

Simplicity of the Logarithmic Curve. — It must be clearly under- 
stood at the outset that the two parts of the chart in Exhibit 125 
have two different and distinct purposes. Part A shows dif- 



ferences in size but does not show the rates of change; Part B shows 
the rates of change but does not show the differences in size. 
Both charts are equally simple, but, because this fact is not fuUy 
realized, the arithmetic chart (A) has been used more widely in 

liMira of 1,000 or 10® is 3, and so on. If the number is not an even power of 
10, the logahthm is computed in the form of a fractional exponent, and thus 
the logarithms of any assignable number may be approximately expressed. 
The purpc^e of logarithms is to facilitate and shorten calculations involving 
mulriphcatlon, divisLon, and the feding of roots and powers. (For a 
further elementary explanation of logarithms, see John R. Riggleman and 
Ira N. Prisbee, ‘‘Business Statistics,” Appendix VI, “How to Use Loga- 
rithms.” McCraw-Hil Book Company, Inc., New York, 1932.) 
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charting business statistics than the logarithmic chart {B ) . Most 
business men regard anything that has to do with logarithms -as 
something highly technical and extremely complicated, but, 
as a matter of fact, in order to make and use these charts it is 
quite unnecessary to have even a slight concept of logarithms. In 
fact, it is sometimes easier to explain the uses of these charts to 
one who has never studied logarithms than it is to explain them 
to one who has taken elementary courses which involve the 
use of logarithms to a limited extent. 

Scales for Logarithmic Curves. — Referring again to Part 
B of Exhibit 125, it will be seen that the horizontal scale is ruled 
arithmetically and that only the vertical scale is ruled logarith- 
mically. Curves made in this combination are commonly 
referred to by business men as ^^logarithmic curves.’^^ The 
arithmetic horizontal scale provides uniform spacing for the 
periods of time, such as months or years. The vertical logarith- 
mic scale, which is in geometrical progression, ^ gives the true 
relative comparisons of the changes. 

On the arithmetic chart, equal intervals on the vertical scale 
represent equal differences. Thus, in Part A of Exhibit 126 each 
vertical spacing represents 200 persons and the curve shows the 
actual differences for each 10 years. In the logarithmic chart 
equal intervals on the vertical scale represent equal ratios. Thus, 
in Part B of Exhibit 126, each vertical spacing represents twice 

^ In business statistics, this chart is commonly called a “logarithmic chart” 
or a “logarithmic curve.’' Some writers suggest that it should be called a 
“semilogarithmic chart,” since only one scale is logarithmic, leaving the term 
^ * logarithmic ’ ’ to apply to a chart in which both scales are logarithmic. Two 
logarithmic scales are so seldom used on a statistical chart, however, that 
the business user prefers to attach the modifier to this chart calling it a 
“double logarithmic chart,” and to apply the less awkward term “loga- 
rithmic” to the single logarithmic scale chart which is in common business 
use. The terms ^^semilogarithmic” and “arithlog” are used to describe 
some of the paper that is on the market for making these charts. Another 
term which is sometimes used is “ratio chart.” (See Professor Irving 
Pisher, “The Ratio Chart for Plotting Statistics,” Qimrterly Pvblicaiions of 
the American Statistical Associaiionj June, 1917.) 

^ A geometric progression is a Series of niimbers in which every successive 
term is multiphed or divided by a constant factor, thus 1, 2, 4, 8, 16, 32, etc., 
or 16, 8, 4, 2, etc. An arithmetic progression is a series of numbers in which 
every successive term is increased or decreased by a constant amoimt, as 
1, 2, 3, 4, etc., or 2, 4, 6, 8, etc., or 15, 12, 9, 6, etc. 
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the preceding spacing, or, in other words, each twofold or 100 
per cent increase has the same spacing. With reference to the 
table at the top of Exhibit 126, the increase from 1880 to 1890 
represents a difference of 100 persons, and the increase from 1910 
to 1920 a difference of 800 persons; these are the facts that are 
shown by Part A (Exhibit 126). However, the rate of increase 
is the same if 100 increases to 200 and 800 increases to 1,600; 
hence there is no change in the slope of the curve in Part B of 
Exhibit 126 which shows these rates of change. 


GROWTH OF POPULATION OF 
JONESVILLE 1880-1920 
1880 too 

1890 200 
1900 400 
1910 800 
1920 1600 



Exhibit 126. — Scales in arithmetic and geometric progression. 

A logarithmic chart like Part B of Exhibit 126 would not be 
convenient for plotting between the ruled lines, because there are 
such large intervals of value represented in the upper parts of the 
scale. A chart is much easier to plot and read if constructed 
on a basis of tens. Part C of Exhibit 126 is the same as Part B 
except that additional horizontal lines have been interpolated at 
their proper places. In ascending order the lines are spaced closer 
together, for, if there is to be a line for each 100, there will be 
none between 100 and 200 (Exhibit 126 CT) ; one between 200 and 
400 ; three between 400 and 800 ; and so on. Note also that these 
interpolated lines are not equally spaced but are always nearer 
the line above than the one below. ^ 

^ The diivMoiis ©f a logaidthinaie scale are proportional, not to the numbers 
themj^ves^ bu^ to thsA logarithms. That is, the scale is divided logarith- 



HISTORICAL TIME SERIES-^LOGARITHMIC CHARTS 111 

Semilogarithmic Paper and Ruling. — When it is desired 
to use the logarithmic curve, it may be made on special coordi- 
nate paper, ^ which is ruled as in Exhibit 127, or the scale may be 
taken from the statistician's scale^ or from the slide rule.^ One 
complete cycle or deck on a logarithmic scale is usually numbered 
from 1 to 10, as shown in Exhibits 127 and 128, and the decimal 


mically, and the designations are not the logarithms but the numbers 
corresponding to the logarithms. Thus, for instance, 4 is over halfway 
between 1 and 10 because the logarithm of 4 is 0.6021, which is more than 
half as large as the logarithm of 10 which is 1; but instead of using the 
logarithm 0.6021 in the scale, the corresponding number 4 is used. 

1 Semilogarithmic paper, for plotting statistical charts, may be obtained 
from the Educational Exhibition Co., Providence, R. I.; Keuffel and Esser 
Co., New York City; and Codex Book Co., New York City. 

2 See page 222 for a description of a statistician’s scale. 

® If semilogarithmic paper or a logarithmic scale is not at hand, a ratio 
chart may be made by reducing the data to logarithmic terms, and then, 
using the ordinary arithmetic scale and paper, the logarithms of the given 
quantities will be plotted instead of the quantities themselves (Exhibit 
142, Part (7, on page 126). If, however, no logarithmic scale is at hand, and 
it is desired to make a chart on a semilogarithmic coordinate ruling, the 
logarithmic scale may be laid out as follows : Suppose that it is desired to lay 
out a logarithmic scale in round numbers from 10 to 100 (10, 20, 30, 40, 50, 
60, 70, 80, 90, 100). Look up the logarithms of these roimd numbers, which 
would be as follows: 10, 1.000; 20, 1.301; 30, 1.477; 40, 1.602; 50, 1.699; 60, 
1.778; 70, 1.845; 80, 1.903; 90, 1.954; 100, 2.000. Next, lay out, arithmeti- 
cally, a scale on which to plot these logarithms as in A as illustrated below. 
Then plot the foregoing logarithms. This plotting is shown by the points 
in B. Next, rule lines spaced according to the points plotted in B, as in C. 
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Then number the lines according to the natural numbers as in B, not accord- 
ing to the logarithms. As previously explained in footnote 1 on page 1 10, 
the divisions of a logarithmic scale are proportional, not to the numbers 
themselves, but to their logarithms; that is, the scale is divided logarithmi- 
cally and the designations are not the logarithms, but the natural numbers. 
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point may be placed so that the scale will be suitable for the 
particular curve to be plotted. That is, a cycle or deck may be 
0.01 to 0.1, 0.1 to 1, 1 to 10, 10 to 100, 100 to 1,000, etc. Exhibits 
128 and 129 show examples of two scales. In Exhibit 129 the 



Exhibit^ 127. — Letter size logarithmic paper. (Reduced 2H times linear.) 
(Sometimes called semilogarithmic since only the vertical scale is logarithmic.) 

seale is continuous through five decks. In all cases each deck is 
ten times as great as the one immediately below. Thus, 
EAtbit 128 shows two ooinplete decks numbered (in nodllions) 
from 1 to 10 and from 10 to 100, or a continuous range from 
1 to 100 millions. Exhibit 129 shows five complete decks, but 
only the bottom line of each deck is numbered because of the 
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limited space for lettering. In this exhibit each deck is ten times 
the one below and a continuous scale (in thousands of pounds) 
of from 10 to 1,000,000 is given. There are as many lines in a 
deck in Exhibit 129 as there are in Exhibit 128. In Exhibit 127 
extra lines are ruled in for convenience in plotting, but no more 



Exhibit 128. — Logarithmic chart of two decks. The logarithmic scale is 
usually designated from 1 to 10 (as above) with the necessary ciphers (or decimal 
points) . The slope of the curve indicates rate of change. 


are necessary for reading than are given in Exhibits 128 and 129. 
Referring again to Exhibit 127, it will be noted that the lines 
are closer together as the scale ascends, and that, when the 
point is reached where they would be too close together, some 
must be omitted. 

Test for the Logarithmic Scale^A simple test that may be 
applied to the logarithmic scale to determine whether or not it is 
laid out correctly is to take the scale, dividers, or an edge of 
paper and see if the spaces from numbers to their doubles are the 



UNITED STATES IMPORTS. OF TIN PLATE 
1909-1931 



Exhibit 129. — ^Logarithmic chart of five decks. (Space permits vertical scale 
designations for only the bottom line of each deck. Compare with Exhibit 128.) 


RAIL FREIGHT TRAFFIC 
1890-1933 

INDEX 

NUMBER 



Exhibit 130. — ^There can be no base or zero line on a logarithmic chart. On a 
lo)garithniic (diart« only that part of the scale sufficient to include the range of 
the curve need be used. {Adapted from AutomohiLe Manufacturers Association.) 
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same. That is, the distance from 1 to 2 should be the same as 
from 3 to 6, or 500 to 1,000, or 4,000,000 to 8,000,000, etc. 
(Doubles are mentioned for convenience only. One to three, one 
to five, one to ten, or any other ratio would do equally well, as 
equal ratios should have equal spaces in all cases.) 

The Logarithmic Scale Has No Base or Zero Line. — Since the 
same space stands for the same ratio of magnitudes in all parts 
of a given logarithmic scale, obviously we can approach zero 
indefinitely but can never reach it. Consequently, there is no 
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Exhibit 131. — Wrong. Such a use of bars on a logarithmic scale is never correct. 


zero on a logarithmic scale. Neither is there a base line, for any 
value on a logarithmic scale is as much base value as any other. 
The scale may begin with 1, 2, or any other number. It is 
necessary only to choose a part of the scale sufficiently long to 
include the data to be plotted, as in Exhibit 130. Since there 
can be no base, the bottom line of a logarithmic chart should not 
be emphasized as is the zero line for an arithmetic scale (see 
Exhibit 130). 

Exhibit 131 represents an incorrect use of bars on a logarithmic 
scale. Since there can be no zero base line on such a chart, the 
bars cannot represent actual sizes. And such bars have no 
significance in showing rates of change. A bar chart comparing 
sizes should never be drawn to anything but an arithmetic scale, 
"^he type of chart illustrated in Exhibit 131, however, should not 
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be confused with that illustrated in Exhibit 1365 on page 120, 
which does show relative fluctuations. 

Significance of Slopes of Curves. — In the logarithmic chart the 
index of the rate of change is the slope of the curve. If a curve 
has a steeper slope in one part than in another, the greater steep- 
ness indicates a more rapid rate of change. Equal slopes indicate 
equal rates of change. Thus, in Exhibit 128 the rate of growth 
was much more rapid from 1912 to 1923 than from 1923 to 1930. 
A straight line over a period would represent a constant rate of 
change. The area under the curve, which is so important on an 
arithmetic chart, is of no significance on a logarithmic chart. 

Smoothing Logarithmic Curves. — ^The rules for smoothing 
logarithmic curves are the same as those described for arithmetic 
curves in the preceding chapter (pages 71 to 74). 

COMPARISONS OF RATES OF CHANGE IN TWO OR MORE 
VARIABLES 

It must be kept in mind that the purposes of the arithmetic 
curve and the logarithmic curve are distinctly different. The two 
cannot be combined, and one cannot take the place of the other. 
This will be brought out more clearly by a consideration of Parts 
A and B of Exhibit 132. In A we can compare the size of one 
store with the size of the other, and it is easy to see that the 
main store is about four times as large as the branch. We cannot, 
however, directly compare the rates of change in the two curves. 
That is, we cannot tell which store is growing the faster. To 
determine this, we can use the logarithmic curve, as illustrated in 
Part B of Exhibit 132, which shows that the rates of change are 
the same. Of course, one can estimate from the scales what the 
rate of change is in an arithmetic curve, and what the size 
difference is in a logarithmic curve, but these estimates are made 
from values on the scales and not from directly reading the curves. 

Business men often attempt to compare the rates of change 
between arithmetic curves without realizing how greatly they are 
bdng mMed. For instance, several bankers in a large eastern 
bank were studying the curves shown in Exhibit 133 from a 
similar chart of the earlier part of the period which appeared in 
the Federal Beserm BtiMelm. After a discussion, they agreed as 
to the reasons why cotton consumption fluctuates more than 
wool isonsuniption, when, as a matter of fact, cotton does not 
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fluctuate relatively so much as wool. This fact is clearly shown 
by the logarithmic curves in Exhibit 134. If the above-men- 
tioned bankers had appreciated, even in a general way, the use 
of the logarithmic curve, they would not have erred by trying 
to read rates, or relative fluctuations, directly from arithmetic 
curves. 


COMPARISON OF SALES OF 
MAIN STORE AND BRANCH STORE 
1930-1934 

A.-SIZE OF CHANGE B.-RATE OF CHANGE 

THOUSANDS THOUSANDS 

OF DOLLARS OF IX)LLARS 



MAIN STORE BRANCH 

1930 34,000 $ 1,000 

1931 8,000 2.000 

1932 16,000 4.000 

1933 32,000 8,000 

1934 64,000 16,000 


132. — Comparison of aritlimetic and logarithmic curves. 


Only Vertical Distances Should Be Compared. — In Part B of 
Exhibit 132 the rates of change are the same in both series. 
Whenever, in a logarithmic chart, two curves run parallel in the 
sense that the vertical distance between them remains unaltered, 
the rates of change are the same. Note that curves which are 
parallel in this sense may not be separated by equal distances 
(Exhibit 135). This effect occurs only when curves are far from 
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straight, but in reading such curves care must be taken to con- 
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Exhibit 134. — Comparing relative fluctuations or rates of change. 


Unless the foregoing principle is understood when reading a 
chart like Exhibit 1364^ which shows the range of prices pro- 
portionally, one may be misled by reading the widths of the 
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black areas instead of the vertical distances across the areas. 
This difficulty is overcome in Exhibit 136^, in which the length 
of the bar represents the proportional range. If print cloth 
varies from 80 cents to $1.20, and cotton varies from 20 to 30 
cents, the proportional changes are the same. In Exhibit 136^, 
the distance from 80 cents to $1.20 is the same as from 20 to 


30 cents, and, therefore, bars representing these same propor- 
tional changes would be of equal lengths. ■ 

The type of chart illustrated in Ex- j 
hibit 136JS must not be confused, how- ' 
ever, with the bar chart shown in Exhibit 
131 on page 115, which is very misleading 
and should not be used, as it does not 
represent relatives, and it cannot represent 
sizes, since there can be no zero base in a 
logarithmic scale. 

Scale Units and Designations. — In 
making logarithmic charts, it is desirable 
to include a scale of the units used; this is 
an aid in checking and a convenience in 
reading values from the curve. This scale Exhibit 135. — These 



should be expressed in the same type of 


curves are parallel in the 
sense that the vertical dis- 


units as are used in an arithmetic chart, tances between them are 
and for the same data the scales for both 


kinds of charts would be alike except in spacing. Numbers 
in the logarithmic scale may have to be omitted as the spacing 
decreases. The rules for designating units and for positions of 
scales are the same for both kinds of charts. The rules are the 
same also for differentiating and designating the different curves. 
These points have been discussed at length in the preceding 
chapter. 

Common Units Not Necessary in Comparing Rates of Change. 

Rates of change in different series or in different parts of the same 
series may be compared when they are not expressed in common 
units. For instance, in an arithmetic chart we cannot compare 
the sizes of coal and oil productions* when coal is expressed in 
tons and oil in barrels. Different units do not prevent comparing 
rates of change in these series on a logarithmic chart, however, 
for if oil production increases over the period from, say, two 
hundred! to four hundred millions of barrels, and coal increases 
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from say, three hundred to six hundred millions of tons, the 
production has doubled in both instances, and hence the rates 
of change are the same. 

Exhibit 137 illustrates the use of three different scales in such 
a manner as to bring the curves close enough together to permit 
easy comparison. As previously mentioned, in connection with 
Exhibit 99 on page 85, when two or more scales are used in this 
manner they should be placed on the left-hand side of the graph 
to avoid the confusion that would result if some were placed on 



one side and some on the other. The use of different units on a 
logarithmic chart is further illustrated by Exhibit 138, in which 
the problem is to compare the four curves with reference to how 
sendtive they are as indicators of business conditions. Four 
different designations of the same scale are used (dollars, tons, 
oente, and shares) in such a manner that the curves are brought 
dose enou^ together to be compared easily. Not only does this 
daart slw curve mov^ first, but it compares the rates at 
which it moves as compared with the others, and how far it 
moves relatively. Thus, for instance, stock exchange sales and 
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Dun and Bradstreet’s price index may be compared, not only as 
to which moves first, but as to which moves the most rapidly 
and fluctuates the most widely. 

Comparing Data of Unlike Time Distribution. — Exhibit 138 
presents also the problem of comparing data of unlike time dis- 
tribution. Thus, stocks of steel sheets are given only for the 
last day of each month. Dun and Bradstreet’s price index is 
given for the first day of the month, but is based primarily on the 


INDEXES OF WHOLESALE PRICES 
IN THE UNITED STATES, 1900-1930 
DUN. BRADSTREET. AND BUREAU OF LABOR STATISTICS 

DUN BnAD.LABOR 
$ $ % 



Exhibit 137. — Correct use of different scales on a logarithmic chart. 

previous month. New York Stock Exchange transactions are 
the total number of shares traded during each month, and wheat 
prices are the average of the high and low for each month. 
While an exact comparison cannot be made, because the data 
are unlike, it is often desirable to compare the relative move- 
ments of such data, and care must be used in plotting, or an 
apparent lag may not be a true one. In Exhibit 138 the monthly 
totals and monthly averages are plotted as of the middle of the 
month, as the position of least error. Dun and Bradstreet's price 
index is plotted on the first of the month and stocks of steel sheets 
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are plotted on the first of the following month; that is, for 
instance, orders for January 31 are plotted on the February 1 line. 

Standardization of Scales, — When it is desired to make 
logarithmic charts in such a way that they can be compared 
directly, they should be drawn to the same scales as illustrated in 


GENERAL BUSINESS CONDITIONS 


DUN AND BRAOSTREET COMMODITY PRICE INDEX PLOTTED AS OF THE FIRST OF 
THE MONTH - SOURCE, DUN AND BRAOSTREET MONTHLY REVIEW. STOCKS OF STEEL 
SHEETS REPORTED FOR END OF MONTH PLOTTED AS OF THE FIRST OF THE 
FOLLOWING MONTH - SOURCE, SURVEY OF CURRENT BUSINESS. WHEAT PRICES 
AVERAGE OF HIGH AND LOW PLOTTED AS OF THE MIDDLE OF THE MONTH - 
SOURCE, CHICAGO BOARD OF TRADE. NEW YORK STOCK EXCHANGE TRANS- 
ACTIONS TOTAL FOR MONTH PLOTTED AS OF THE MIDDLE OF THE MONTH - 
SOURCE, the ANNALIST. 


scale 

DUN AND BRAOSTREET IN DOLLARS 
STEEL IN THOUSANDS OF SHORT TONS 
WHEAT IN CENTS PER BUSHEL 
STOCK EXCHANGE SHARES IN MILLIONS 



1934 


Exhibit 13S. — Comparison, of unlike time distributions. 

Exhibit 139. Then the rates of change of the curves in chart A 
can be compared with the rates of change in chart B simply by com- 
paring the slopes. It is easy to see that this could not be done if 
the intervals for the same ratios in the vertical scale were larger 
in one chart than in the other, or if the horizontal scale intervals 
in one were larger than in the other. 

Exhibit 139 also illustrates how the seasonal and other move- 
ments of different yea^ may be directly compared. That is, 
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curves for two different years are plotted to a common scale of 
months. 

Exhibit 140 presents another illustration of the use of uniform 
scales. In this chart, twenty-four curves are drawn to the same 
vertical -logarithmic scales and the same horizontal arithmetic 
scales and are, therefore, directly comparable. This exhibit also 


DEPARTMENT STORE SALES 
EIGHT BOSTON DEPARTMENT 
STORES 

AVERAGE JANUARY TO JUNE, 1919*100 



DEPARTMENT STORE SALES 
EIGHTEEN NEW ENGLAND STORES, 
EXCLUDING BOSTON 

AVERAGE JANUARY TO JUNE. r9l9»l00 



SOURCE OF DATA: BOSTON FEDERAL RESERVE BANK 


SOURCE OF DATA: BOSTON FEDERAL RESERVE BANK 


A 


B 


Exhibit 139. — Comparison of separate logarithmic charts. 


illustrates the best method of presenting a large number of curves 
on one chart. 

Shifting Curves for Ease of Comparison. — Since the index of 
the rate of change is the slope of the curve, the logarithmic chart 
is sometimes made as iii Part B of Exhibit 141 to facilitate ease of 
comparison. In Part A of Exhibit 141 the curves are too 
far apart to show readily the differences in the rates of change, so 
in B these same curves are placed together and the differences 
can be noted more easily. Both curves still may be read from 
the scales if the scales are shown as in Exhibit 141B. If it is 
desired to do the original plotting as in Exhibit 141B, one scale 
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WHOLESALE PRICES OF TWENTY-FOUR COMMODITIES 

1910-1930 
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Exh ibit 140. ^TweiiigiF-four curves drawn to tlie same vertical logaritlimic and 
th.e same horizontal arithmetic scales. 
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may be raised or lowered in position along the other by multiply- 
ing or dividing it by a constant. Thus, in Exhibit 14 IB it will 
be noted that every number in the left-hand scale is exactly five 
times the opposite number in the right-hand scale. 

Different charts, when drawn to the same scales, may be super- 
imposed upon each other and shifted about until the curves can 
be compared easily. Such comparison is greatly facilitated 
by using a glass copying board such as the one illustrated in 
Exhibit 248 on page 232. 

Percentage Relatives. — Percentage relatives are used when it 
is desired to compare, not absolute sizes of the quantities or rates 


THOUSANDS 
OF DOLLARS 




STO/ES NACES 



A B 

Exhibit 141. — Shifting curves to aid comparison. 


of change over the period, but the changes that have taken place 
in terms of percentages of the value at some particular period. 
In determining percentage relatives, the data for one period or 
average of a period are taken as the base, usually indicated as 100, 
upon which the data for the following or preceding periods are 
computed as percentages.^ Thus, in Exhibit 142, Graph A 
compares the actual sizes of the two prices over the period, while 
B compares the changes that have taken place since 1925 by 
showing what percentage of the 1925 value the prices are for the 
other dates. That is, for 1927 the percentage relative on a base 


^ A rapid and easy method of calculating percentage relatives is to use 
the slide rule with the follpwiog setting: 

(? scale Base number (20) Other number (30) 

D scale Percentage relative (150) 
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PRICES OF STOCKS No. I AND No. 2 
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of 1925 for Stock 2 is 400 (Exhibit 142, Graph B), which means 
that it is 400 per cent of the same stock price for 1925. 

The percentage relative chart is often used to compare vari- 
ables that are expressed originally in different units. That is, 
for instance, one might compare the percentage changes that have 
taken place in the production of lumber (board feet) and steel 
(tons) in terms of some particular date. 

The use of the percentage relative chart must not be confused 
with that of the logarithmic chart. The two are distinctly 
different. While we can see from Graph B in Exhibit 142 that 
the proportional increase from 1928 to 1929 is greater in No. 2 
than in No. 1, we cannot compare the rates of change for the 
different periods in either curve. The rates of change are com- 
pared in Exhibit 142 in Graphs B, E, F, and (?. Although the 
curve of No. 2 has a constant rate of increase. Graph B would give 
the impression that the rate is increasing; and though the rate 
is falling off in the curve of No. 1, it appears to be constant in 
Graph B, On a logarithmic scale, the slopes of the curves are 
the same, whether the actual numbers or the percentage relatives 
are plotted. 

If the percentage relatives of the same base year are plotted 
as in Graph E in Exhibit 142, the curves are automatically shifted 
so that they are close to each other; this arrangement facilitates 
the comparison of logarithmic curves, as has been discussed 
previously. It is important to note that this method is a con- 
venient one for making such a shift. This was the principal 
reason for reducing the data shown in Exhibit 143 to percentage 
relatives. A slight spread between the curves in Exhibit 143 is 
very significant, and unless they are close together it is very 
difficult for the reader to appreciate the differences in their slopes. 

If two or more series of percentage relatives having different 
base periods are to be studied, they cannot be compared directly 
on an arithmetic scale without distortion (see Graph C, Exhibit 
142). Different base periods, however, make no difference in 
the shapes of the curves plotted on the logarithmic scale; this is 
illustrated by Graphs E and E in Exhibit 142, and by Exhibit 144. 
These different methods of handling the data do not alter the 
rates of change, and hence there is no difference in what is shown 
by Graphs B, B, and B of Exhibit 142 or by the three different 
curves in Exhibit 144. Thus, if one desires to compare the 
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Exhibit 143. — Use of percentage relatives for bringing curves together to 
facilitate comparison. 
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United States Bureau of Labor Statistics Index of Wholesale 
Prices (1926 = 100) with the Economist (United Kingdom) 
Index (1913 = 100), he may compare the rates of change by 
plotting them directly on a logarithmic chart. 

If a logarithmic scale is not at hand, a logarithmic chart may be 
constructed as shown in Graph (?, Exhibit 142. In this chart the 
data are reduced to logarithmic terms and then, using the ordinary 
arithmetic scale, the logarithms of the given quantities are plotted 
instead of the quantities themselves.^ Rates of change are 
shown by the slopes of the resulting curves. It will be noted 
that the shapes and slopes of the curves in Graph G of Exhibit 142 
are the same as in Graphs D, and F. 

Percentage relatives, illustrated graphically by Graphs B and C 
of Exhibit 142, should not be confused with link relatives (see 
Graph H). Percentage relatives show all of the values in a 
series in percentages of one fixed base. Link relatives show each 
value in a series as a percentage of its preceding value. In 
Curve 2 of Exhibit 142, Graph fl”, for instance, the value for 
each year is 200 per cent of the value of each preceding year, and, 
consequently, this curve is a horizontal straight line. (See also 
the third column from the end of the table at the bottom of 
Exhibit 142.) 

The Simple Percentage Method. — It is often attempted to 
show rates of change by another percentage method. And when 
curves do not greatly diverge, this method gives approximately 
correct results; but if the curves diverge greatly, comparisons of 
rates of change are likely to be very misleading. Graphs C and D 
of Exhibit 145 illustrate this method, which has been used in 
an attempt to combine the advantages of both the arithmetic and 
the logarithmic chart. For the sake of simplicity in illustration, 
the data shown under ^Tirst Assumptions^ in the table in 
Exhibit 145 and plotted in Graphs A, B, C, and D represent two 
investments made in 1910, one of $50 and the other of $10 and 
the rate of increase is the same for both, namely, 25 per cent per 
annum compound interest. Graph A of Exhibit 145 shows the 
data plotted on an arithmetic scale, while B compares the rates 
of increase. Rates of change can be compared roughly on the 


^ See third footnote on p. 111. 
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Fikst Assumption 


Year 

Investment 1 

Investment 2 

1910 

$ 50.00 

$10.00 

1911 

62.50 

12.50 

1912 

78.13 

15.63 

1913 

97.66 

19.53 

1914 

122.07 

24.41 

1915 

152.59 

30.52 

1916 

190.74 

' 38.15 

1917 

238.42 

47 . 69 

1918 

298.02 

59.61 

1919 

372.53 

74.51 

1920 

465.66 

93.13 


Second Assumption 
Same as above except: 



Investment 1 

Investment 2 

1920 

Same 

$465.66 
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arithmetic scale between parts of curves that are approximately 
the same distances from zero, and based upon this principle 
100 per cent is given the same space from zero for each curve, as 
illustrated in Graphs C and D of Exhibit 145. Thus (in Graph C 
of Exhibit 145), $465.66 equals 100 per cent, while in D $93.13 
equals 100 per cent, and the intermediate values are located 
proportionally to these totals. Since both a scale of dollars and 
a percentage scale are given in C and D, both values (left-hand 
scale) and percentages (right-hand scale) can be read from the 
same chart. 

It is the purpose of the makers of charts like C and D (Exhibit 
145) to combine the advantages of A and but as a matter of 
fact the difference in size, which is the purpose of the arithmetic 
chart A, cannot be compared graphically in C and D. In regard 
to the rates of change, we see that in C and D the curves are alike, 
but, while we can compare any period in C with the same period 
in D, we cannot compare the rates of change between any two 
periods of the same curve in C and D as we can in B. 

The rates of change are shown to be equal for the same periods 
in C and D (Exhibit 145), since the curves have the same slopes, 
but they will be alike only in such an ideal case. Let us assume 
that the value of Investment 2 increases according to the Second 
Assumption^' (see table in Exhibit 145) from $74.51 to $465.66 in 
1920, instead of to $93,13. Now the arithmetic curves will 
appear as in Graph E of Exhibit 145, and the logarithmic curves 
will appear as in Graph F, The rates of change are the same 
in both series until 1919. Using the percentage method above 
described, the curves would appear as in Graphs G and H 
(Exhibit 145). This percentage method now fails so far as 
comparing rates of change is concerned. While the rates of 
change are the same up until the last year, they are shown by 
the percentage Graphs G and H (Exhibit 145) no better than by 
Graph E, which is not intended to show rates of change at all. 
The figures charted in Graphs E, F, (?, and H of Exhibit 145 
represent an extreme assumption, but no more extreme than the 
ideal case shown in Graphs A, B, (7, and D, Additional study 
of Exhibit 145 will reveal still further the likelihood of error in 
interpretation when percentage scales are juggled in an attempt 
to show rates of change. 
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Standard Deviations. — In a problem such as that of showing 
business cycles graphically, when the relationship between differ- 
ent series is studied, a situation arises which cannot be solved 
directly by any of the graphic methods previously discussed. 


PIG IRON PRODUCTION AND BANK CLEARINGS OUTSIDE 
NEW YORK CITY COMPARED WITH NORMAL, 1903-1920 


Pot IN TERMS OF PERCENTAGE DEVIATIONS 

CENT 



IN TERMS OF STANDARD DEVIATIONS 



Exhibit 146. — Use of standard deviation in graphic presentation. (^Adapted 
from American Telephone and Telegraph Co.) 

Suppose, for example, that we wish to compare two series, and 
that in one the percentage deviations range from +17 to —22 per 
cent, while in the other the range is from +28 to —44 per cent, 
as shown in the upper graph of Exhibit 146. In such a compari- 
son, a fluctuation of 10 per cent in bank clearings has an entirely 
different significance from a fluctuation of 10 per cent in pig- 
iron production. In certain studies of business cycles, it is 
undesirable to have these differences in amplitude. In such cases, 
each series may be reduced to terms of its standard deviation, 
which, for most purposes, is the best method of measuring dis- 
persion in common use at present. The lower graph of Exhibit 
146 shows the two series of the upper graph plotted in terms of 
their respective standard deviations. 

The use of standard deviations is Msb illustrated in Exhibit 142 
in which Graph I shows how the series presented in Graphs + to 
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Fy inclusive, appear when charted in terms of their standard 
deviations.^ 

Cumulative and Non-cumulative Series. — As previously 
pointed out, it is important that the distinction between cumula- 


ANNUAL BUILDING PERMITS 

COMPARED WITH 
TOTAL POPULATION 
LOS ANGELES. 1920-1930 
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Exhibit 147. — In. comparing series (graphically or otherwise), it is important to 
distingnish between cnmnlative and non-cumulative data. A, Non-cumulative 
series compared with cumulative series — a difficult comparison to make. B, 
Both series of Part A shown on a non-cumulative basis; the comparison is much 
easier to make. 


tive and non-cumulative data be clearly appreciated in the field 
of graphic presentation. Otherwise, considerable confusion 


^ For the computation of standard deviations, see any standard text on 
statistics such as G. U. Yule, ‘‘Introduction to Statistics,” Chap. VIII; 
W. I. King, “Elements of Statistical Methods,” Chaps. XIII and XIV; 
Horace Secrist, “Introduction to Statistical Methods,” Chap. XI; George 
R. Davies, “Introduction to Economic Statistics,” Chap. II; Robert 
Riegel, “Elements of Business Statistics,” Chap. XII; Frederick C. Mills, 
“Statistical Methods,” Chap. V; Harry Jerome, “Statistical Method,” 
Chap. IX; Frederick C. Kent, “Elements of Statistics,” Chap. VIII; 
Robert E. Chaddock, “Principles and Methods of Statistics,” Chap. 
XI; William G. Sutcliffe, “Elementary Statistical Methods,” Chap. XV; 
Edmund E. Day, “Statistical Analysis,” Chap. XI; Frederick E. Croxton 
and Dudley J. Cowden, “Practieal Business Statistics,” Chap. X; and 
John R. Riggleman and Ira N. Frisbee, “Business Statistics,^* Chap. IX. 
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is liable to result owing to attempts to make direct comparisons of 
cumulative with non-cumulative series. This is true, whether 
amounts of change or rates of change are being compared. When 
a chart similar to that presented in Part A, Exhibit 147, was being 
considered by a certain group of business men, a number of those 
present raised the question as to why building activity declined 
so materially while population continued to increase. Though 
several possible reasons were advanced, the chief difficulty was 
that the building permit series was non-cumulative, while the 
population series was of a cumulative nature. As a general rule 
in such instances, either the annual building permit figures should 
be compared with the annual increases in population, or the total 
population figures should be compared with a similar net cumula- 
tive series such as total buildings in existence.^ 

The two series of Part A, Exhibit 147, are both shown on a 
non-cumulative basis in Part B. That is, the annual building 
figures are compared with the annual increases in population. 
It is obvious that the type of comparison illustrated in Part B 
is ordinarily of greater significance and easier to interpret than 
that of Part A. 

Summary of Graphic Methods. — In the description of methods 
as applied to the charts in the last three chapters, certain funda- 
mental rules of practice have been developed. These rules apply 
to other kinds of charts, and a thorough knowledge of them on the 
part of the reader will be assumed when other kinds of charts 
are considered later on in this book. For convenience, both in 
review and in reference, these fundamental rules have been 
summarized and presented graphically in Exhibit 148.^ 

Checking List for Curves. — The checking list on page 138 
includes the most important points to be observed in making 
curve charts; it can be used when checking arithmetic and 
logarithmic time charts, frequency charts, and correlation charts 
to see whether they are complete. 

1 It is also often necessary to make other adjustments and corrections, such 
as eliminating effects of price changes, when such comparisons are made. 
However, it is the object here only to point out the importance of distin- 
guishing between cumulative and non-cumulative series. 

® This summary of rules is adapted in part from the Report of the Joint 
Committee on Standards for Graphic Presentation,^^ Quarterly Publications 
of the American Statisticcd Association^ NpL 14, pp. 790^797, 1915. 
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YEAR TONS 
1900 270588 

*930 555J57I 


I 

1900 1930 

Fig. la 


I □ 


1930 

Fig. lb 


O 


1900 1930 

Fig. ;ic 


1. When possible, linear magnitodes should be used (Fig. la) rather 
than areas (lb) or volumes (Ic). 



2. The general arrangement 
should proceed from left to right 
(Fig. 2 \ 

3. If the graph is to show 
sizes directly, the complete scale 
and zero line should be included 
(Fig. 3). 
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4. If the complete scale is 
not included, the fact should be 
emphasized by a horizontal break 
as m Fig. 4a or 4b. 



Fig 4a 


Fig. 4b 




5. The zero lines of curve scales should be sharply dikinguished from the 
other coordinate lines (Figs. 5a, 5b and 5c). In showing time series, the first 
vertical line should not be emphasized as a zero line since it does not represent 
the beginning of time (Fig. Sat 



ESxhibit 148. — S uroTnar y of rules for graphic^ presentation of business statistics, 
fFor reference and review.! (Continued on pages 136 and 137.) 
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12. The scales should be 

E laced at the left and at the 
ottom of the graph as in Fig^. 
12a and 12b. If desirable they 
may be placed at the top and 
on the right also, but they 
should never be omitted on the 
left and on the bottom. 






Fig. 13& 


13, A caption describing the 
units used in the vertical scale 
should be placed at the top of 
the scale as in Fig. 13a. (An- 
other method is to place the 
designation along the side but 
this^ is less preferable.) When 
desirable, the horizontal scale 
should be designated as in Fig. 
13b. (Ordinarily it is not nee- 
essary to designate years or 
months.) 


COST tN 


DOLLARS 



Fig. 13b 


14. When two or more 
curves are presented, they should 
be differentiated (solid, dashed, 
dotted lines, etc.) and properly 
designated (see Figs. 14a and 
14b). The method of placing 
the designations along the curves 
(14a) is preferred. 


Fi3. 14a. fig. 14b 



Fig, 15 

tSa. The title of a chart should be placed at the top as in Fig. 15. It dhoald he as clear and 
complete as possible. Subtitles, descriptions and footnotes sho u ld be added if necessary to insure ^^l ea meas. 

15b. Usually h is desirable to place a bordw line around the entire duut to give it a fini^ed 
appearance (Fig. IS). 

F i XH i H iT 148 (Concluded ^) . — Stiinmary of rules for graphic precRentation of business 

statis^oB. 
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Checking List for Curves 

Have you placed your vertical scale (dependent variable) on the left of 
the graph, and does it read from bottom to top? (If desirable to show the 
scale on the right, it may be placed there in addition to the scale on the left.) 

Have you placed your horizontal scale (independent variable) along the 
bottom of the graph, and does it read from left to right? (If desirable to 
place the scale at the top, it may be placed there in addition to the scale at 
the bottom.) 

Have you centered a caption over the vertical scale? 

If necessary, have you placed a designation under the horizontal scale? 

If you have used two or more curves, have you designated them, and can 
they be distinguished clearly? 

Are your curves heavy? 

If you have shaded or colored bars or areas, have you included designa- 
tions or a key or legend? Are the faces of any such bars, free from coordinate 
or scale lines? 

If the vertical scale is arithmetic, is the zero line or 100 per cent base line 
heavy? (The bottom line of a logarithmic chart should not be emphasized.) 

Is your background of coordinate lines light? 

Is your title your largest lettering? 

Is the title clear and easy to read? 

Have you given the reference or source (if desirable)? 

Does ail lettering read horizontally? (When impossible to letter 
horizontally, lettering should read from bottom to top — never from top to 
bottom.) 

Are your letters formed according to a commonly accepted style of plain 
lettering? 

Did you check for accuracy? 

Have you ruled in a border line? 

Have you given your name (lower right) and the date (lower left) if 
desirable? 

Are pencil lines erased? 

Will your chart be clear to the reader? 



CHAPTER VI 


FREQUENCY CHARTS 

It is the purpose in this chapter to describe the graphic methods 
of showing 'frequency distributions.^' Both bars and curves 
are used to represent frequency distributions, and the forms are 
similar to those of the time series charts described in the preceding 
chapters. A frequency distribution chart, as the term implies, 
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Exhibit 149. — frequency curve. 


is a chart which shows the number of occurrences of designated 
measurements arranged in order. Thus, in Exhibit 149 the 
vertical scale represents the number of times that each measure- 
ment occurs, and the horizontal scale represents the different 
measurements arranged in order. 

Continuous and Broken Series. — In making a frequency chart, 
the form and treatment depend upon whether the series is con- 
tinuous or broken. A continuous series is one in which measure- 
ments occur at all possible points. A broken series is one in 

139 
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which the frequencies occur only at certain points which are 
determined by the nature of the units. Thus, weekly wages of 
workmen, if expressed in units no smaller than 25 cents, would be 
a broken series, while their ages would be a continuous series as 
they might occur at any possible point within the range. 

In the field of business the broken series is common. Prices 
and wages usually are fixed in convenient units. Sales and 
purchases tend toward round numbers, and not fractions of 
pieces or fractional weights. Often in this field, series that really 
are of the continuous type are recorded as broken series. Thus, 
age will be recorded to the nearest year, weight to the nearest 
pound, values to the nearest dollar, etc. A broken series may be 
represented accurately by a bar chart or a broken curve, while a 
continuous series is most accurately represented by a smoothed 
curve. 

Bars, Broken Curves, and Smoothed Curves in Frequency 
Graphs. — When a broken series is plotted, the frequency of 
occurrence of each class is represented by a point plotted directly 
above the proper class designation. These points may be repre- 
sented by the tops of bars as in Exhibit 150, or they may be 
connected by straight lines, making a broken curve as shown in 
Exhibit 151. In a broken curve, the lines connecting the points 
have no use other than to aid the eye in comparing their respec- 
tive heights. There are no values represented on the lines 
between the points, for there can be no occurrences there. 

While the broken curve (Exhibit 151) is the most common 
method of showing broken series, the bar chart (Exhibit 150) 
is ordinarily easier for untrained readers to understand. When 
the significance of the broken curve is likely to be misunderstood, 
a simple bar chart, in which the frequencies of the different 
classes and their distribution are indicated simply by lengths of 
bars, is ordinarily the most satisfactory method of presentation. 
When bar charts are used to show frequency distributions, 
vertical bars, rather than horizontal, should be used, so that they 
may be read in the same direction and manner as curves. 

Although in business practice, as a matter of convenience, 
contmuous series are often plotted as broken curves, a smoothed 
curve is more significant of the distribution of a continuous series 
than a broken curve or a bar chart. The smoothed curve 
(Exhibits 149, 153, and 154) should be used when it would be 
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instrumental in giving a more accurate idea of the distribution 
than bars or a broken curve. It implies that the distribution is 




eontinuouB, and sthat the larger of obsOTraMcms the 

fewer will be the number of irregularities. The distribution of a 
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smoothed series changes gradually; there is no abrupt change from 
one class to another. The directions of the changes are indicated 
by the gradual turns in a smoothed curve. The variations from 
one extreme measurment to the other are regular and gradual, 
and the curve should be made free from sharp angles, the shape 
being influenced at each point by the positions of the adjoining 
points (Exhibits 153 and 154). 

Scales for Frequency Graphs. — ^Equal distances on each scale 
of a frequency graph should represent equal values. Both scales 
should be divided into units of round numbers so that they may 
be read easily. The positions of scales and their designations 
are illustrated in Exhibits 151 and 153. That is, they should be 
outside the coordinate lines — below and to the left. If it is 
desirable to have scales above the graph and on the right, they 
may be placed there in addition to the scales underneath and on 
the left, but in no case should the scales underneath and on the 
left be omitted. 

The vertical scale of a frequency graph should begin with 2iero, 
but the use of zero on the horizontal scale is not necessary unless 
the range of classes includes the interval which has zero as its 
lower limit. 

In these respects the frequency curve is much like the arithmetic 
time curves previously described. The vertical distances from 
the zero base to the curve represent the number of occurrences, 
and, unless the whole scale including zero is used, a wrong impres- 
sion will be given, as explained in Chapter IV. ^ The horizontal 
scale shows the measurements represented, and usually the inclu- 
sion of zero in this scale, when the lower limit of the range is 
relatively far from zero, adds nothing and may detract from the 
value of the graph. 

Class Intervals. — In general, the class intervals of a frequency 
graph should be equal. Otherwise the chart is likely to give a 
wrong idea of the distribution. Exhibits 152 and 153 show the 
same data grouped by unequal and equal classes. In Exhibit 152 
the range is expressed wdth open ends, and the first definite class 
intervals vary from $250, at the lower end of the range, to $1,000 
at the upper end. In Exhibit 153 the intervals are uniformly 


^ See pp. 62 to 64, iiiGlusive. 
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$500. Comparison of the two curves indicates clearly the mis- 
leading effect of grouping by unequal class intervals. 

When cumulative curves are plotted, the general rule of equal 
class intervals does not prevent the use of smaller intervals for 
parts of the range over which the frequency varies rapidly, but 
the scale must be spaced accordingly (Exhibit 163 on page 153). 
Equal spaces should represent equal values as illustrated. 
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Exhibit 152. — Incorrect because of unequal class intervals. (Compare with 

Exhibit 153.) 

Quite often statistical publications use class intervals of unequal 
magnitudes, and it is difidcult, if not impossible, to present the 
data in the form of a frequency graph. There are, however, 
occasional exceptions to the rule that class intervals should be 
equal. It sometimes happens in actual work that class intervals 
of uniform size are not practical. For instance, in a marketing 
survey, which made necessary the classification of consumers by 
income groups, one class interval was $1,750 to $2,000 and another 
was $4,000 to $5,000. The difficulty here is with the unit. A 
dollar means more in the first group than in the second. One 
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dollar probably means as much in the first group as four dollars 
means in the second group. In relation to the particular com- 
modity under consideration, variations in standards, customs, 
etc., in the second group were no greater than in the first and, 
therefore, the purchasing group in the $4,000 to $5,000 class was 
as uniform as the one in the $1,750 to $2,000 class. 


BOSTON AUTOMOBILE SHOW 
DISTRIBUTION OF MAKES BY PRICES 
MARCH 1922 


NO. OF 
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Exhibit 153. — Correction of Exhibit 152. Class intervals equal. 

The number of class intervals to be shown on a frequency graph 
depends upon the character of the data. Usually it is best so 
to choose the interval that the entire number of classes is between 
fifteen and twenty-five. ^ A number of classes of less than, say, 
ten leads in general to very appreciable inaccuracy; and a number 
of over, say, thirty makes an unwieldy graph. This rule, of 
course, is not inflexible. The classes should be wide enough to 
mske the distribution fairly smooth; that is, vacant classes should 
not occur, except at the extremes of the range, and yet the classes 

G. U., /‘Ah Introduction to the Theory of Statistics,” p. 79, 
Charles Griflin & Company, Ltd., London, 1924. 
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should not be so wide as to obscure the tendencies of the 
distribution. 

A class interval should not be omitted from a series sim ply 
because there are no occurrences in that class. All of the intervals 
should be included, and the curve or bar brought down to zero 
when there are no occurrences (see Exhibit 153). 

Designating Class Intervals. — The most common method of 
designating class intervals in the horizontal scale is by expressing 
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Exhibit 164. — Designating class limits by adjoining figures. (Not common 
practice. Compare with Exhibit 159, which shows this same curve with class 
limits designated by a more generally used method.) 


the lower and upper limits of each class as illustrated in Exhibits 
149 and 153. The limits expressed in Exhibit 153 are, of course, 
inclusive. That is, for instance, the number of prices that falls 
between 500 and 999, inclusive, will be plotted above this class. 
Note that, theoretically, the method illustrated is better than 
the method of expressing the classes as 500 to 1,000, 1,000 to 1,500, 
1,500 to 2,000, etc.., because in this latter plan it is not understood 
generally in which group 1,500, for instance, would fal — the 1,000 
to 1,500 interval or the 1,500 to 2,000 interval. In practical 
work, however, the latter method is often used because it is 
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somewhat more simple and convenient, for instance, to say 
1 to 2, 2 to 3, etc., than it is to say 1 to 1.99, 2 to 2.99, etc., and, 
if the classes are well chosen, any theoretical error is not impor- 
tant enough to interfere with the interpretation or application. 
Exhibit 149 on page 139 illustrates this method of expressing 
class limits. 

Another method of designating class intervals is illustrated in 
Exhibit 154. Here any two adjoining figures designate the limits 
of a class, and the frequency point is plotted above the center of 
the class so designated. This method, however, may not be so 
clear to the average reader as the method illustrated in Exhibits 
149 and 153. 

Occasionally, in plotting business data, the range of variation is 
so small that there will be no class intervals, and the unit will 
serve instead. Or, if there is a unit width of class, it is sometimes 
designated by a single figure as, for instance, $4, which would 
include all items from $3.50 to $4.49, inclusive, or 10 years, 
which would include all ages from 9.5 to 10.49 years, inclusive, as 
illustrated in Exhibits 165 and 166 on page 155. 

Smoothing a Frequency Curve. — When a curve is smoothed, 
care should be taken to keep the area under the curve the same 
as if a column diagram (Exhibit 156 A) or a broken curve or 
frequency polygon (Exhibit 1555) were constructed. In the 
diagram of Exhibit 155 A, the total area represents the total 
number of observations, or a certain area represents a certain 
number of observations. For instance, if two spaces on the 
horizontal scale represent $10, and two spaces on the vertical 
represent 100 occurrences, 100 X 10 = 1,000, or the number of 
observations represented by an area of four spaces. The total 
area under the curve in Exhibit 1555 is the same as that in 
Exhibit 155A. This fact is illustrated by Exhibit 155(7, which 
shows that the areas cut off of a column when a broken curve is 
drawn are the same as the areas added by the curve to the 
adjoining columns. While the total area is correct in both 
A and 5 of Exhibit 155, the area over any one class is not correct 
for a continuous series in the frequency polygon of Exhibit 1555. 
For instance, the middle class has lost without gaining anything 
(Exhibit 1550). This must be considered when the curve is 
smoothed, and usually the best method is to draw the curve so 
that the areas gained and lost by each column will be equal 
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(Exhibit 156) . Thus, the top of the curve will slightly overtop the 
highest plotted point. A little thought at this point will indicate 
that it is reasonable to expect such a distribution within this 
particular class interval. In actual practice, the column diagram 





Exhibit 165. — The relation between a column diagram and a broken curve. 

is not usually made as a basis for drawing the smoothed curve, but 
the curve is sketched directly from the plotted points, allowances 
being made by keeping in mind the area distribution as above 
described. If the series begins and ends with an infinitely small 
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niimber of occurrences, the curve should begin and end on the 
zero line as illustrated in Exhibit 166. 



DISTRIBUTION OF WEIGHTS OF LOADS 
BY WORKMEN IN PLANT 6 
MONTH OF JANUARY I93S 

OF Lp^ 

CARRIED 



1 





5-10 1015 1520 20-25 253030-35 35404045 4550 50-555Sr60 6065 6570 7075 7560 60-858590 909695100 
WDGHTS OF LOADS IN POUNDS 


Exhibit 157. — Showing points when curve is freely smoothed. 



It must be remembered that business data are full of irregular- 
ities, and that smoothing must not obscure any except minor 
irregularities which are not thought actually to exist. ^ If an 


^ While the * ^hell-shaped curve is known as the normal frequency curve 
(A), business data more commonly describe some other form or combi- 
nation of forms. The fundamental simple types of distributions may be 
considered as four in number,— namely, the symmetrical (A), the moder- 
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Distbibution of Employees in Plant 6 by Weekly Earnings 
Week ending January 26, 1935 
Cumulative frequencies 


Weekly 
earnings in 
dollars 

Number of employees 

Simple 

frequency 

Cumulative 

Less than* 

3 frequency 

More than* 

10.00-11.99 

3 

3 

509 

12.00-13.99 

6 

9 

506 

14.00-15.99 

10 

19 

500 

16.00-17.99 

15 

34 

490 

18.00-19.99 

24 

58 

475 

20.00-21.99 

42 

100 

451 

22.00-23.99 

75 

175 

409 

24.00-25.99 

90 

265' 

334 

26.00-27.99 

79 

344 

244 

28.00-29.99 

55 

399 

165 

30.00-31.99 

36 

435 

110 

32.00-33.99 

26 

461 

74 

34.00-35.99 

19 

480 

48 

36.00-37.99 

13 

493 

29 

38.00-39.99 

9 

502 

16 

40.00-41.99 

7 

509 

7 


*In this table, “Less than” applies to and includes the upper limit of the class, while 
“More than” applies to and includes the lower limit. 

Exhibit 158. — Simple frequency data cumulated on both “less than” and “more 
than” bases. (See Exhibits 159, 160 and 161, for charts of these data.) 

ately asymmetrical (B), the J-shaped (C), and the rarely occurring U-shaped 




(D). (See G. TJ. Yvde, “Introduction to the Theory of Stafaaties,” pp. 87- 
105, Charles Griffin & Company, Ltd., London, 1924.) 





150 GRAPHIC METHODS FOR BUSINESS STATISTICS 


irregularity is such that it would not be eliminated by further 
sampling, it should not be smoothed out. If smoothing is freely 
indulged in, it is well to indicate the points from which the curve 
is made (Exhibit 157). Absolute rules, however, cannot be laid 
down for smoothing frequency curves, for each problem must be 
considered according to the representative character of the data, 
and the curve should be plotted which will best suit the purpose 
for which the graph is made. 


DISTRIBUTION OF EMPLOYEES IN PLANT 6 
BY WEEKLY EARNINGS 

NO. OF WEEK ENDING JANUARY 26. 1935 

EMPLOYEES 



i/) o> f*! ‘O 

tvi 04 W OJ fp Cp fp 

-q- <b CO 6 QJ 

cvj tvj tvj ro fO 

EARNINGS IN DOLLARS PER WEEK 


Exhibit 159. — Frequency curve of the simple frequency data shown in Exhibit 
158. (Compare with Exhibits 160 and 161.) 

Cumtilative Frequency Curves. — So far, only simple frequency 
curves have been considered, such as in Exhibit 159, which is 
plotted from the first column of the table in Exhibit 1 58 . Another 
form which is widely used in presenting frequency distributions of 
business data is the cumulative frequency curve. ^ Frequency 
series are made cumulative when successive frequencies are added 

^ See W. C. Biinton, “Graphic Methods for Presenting Pacts,’' pp. 149- 
199, McGraw-Hill Book Comply, Ine., New York, 1914, for further 
examples of the use of this curve. 
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Exhibit 160, — A less than” cumulative frequency curve. (See table in 

Exhibit 158.) 



Exhibit 161. — A “more than” cumulative frequency curve. (See table in 

Exhibit 158.) 
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together so that each class includes all the lower or upper classes, 
depending upon from which end of the range the cumulating 
process is begun (see the last two columns of the table in 
Exhibit 158). 

The cumulating process may begin at either end of the range. 
If it proceeds from the lesser to the greater, the corresponding 
frequencies are read ^'less than,” as in Exhibit 160, arid, if it 
proceeds from the greater to the lesser, the frequencies are read 


SIZES OF COAL MINES IN WEST VIRGINIA 

BASED UPON PRODUCTION FOR 1^17 


O 

10 

20 

30 

40 

50 

60 

70 

80 

90 

too 



THAN* 2 2 2 2 2 

1.1. I. I..I II Oi Oi 0 ) <n 

CM (0 ^ 


o)0)0)d>cAO)0>(n 0)<j) 

<n(ha>o>o)no>0) 
0)0)0) Q>.0>0)OCri 0)0) 

f>0)0)O^ CM(0^ 10(0 


SIZE IN THOUSANDS OF TONS (ANNUAU OUTPUT) 


THAN' 

‘ UNO INCLUDINai 


Exhibit 162.— A combination “less than” and “more than” cumulative fre- 
quency curve. 

“more than,” as in Exhibit 161. In a table like the one in 
Exhibit 158, when cumulations are read “less than” they refer to 
the upper limits of the classes, and when they, are read “more 
than” they refer to the lower limits. It should be noted also 
that the limi ts are included when they are expressed as in 
Exhibits 161, 162, and 163. . 

Kote also that a curve of ^ the “less than^’ form extends from 
the lower left to the upper right, and that a “more than” curve 
extends from the upper left to the lower right, as illustrated in 
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Exhibits 160 and 161. In either case, as the curve approaches 
the vertical, relatively higher frequencies are represented. 

A graph may be made to read both ways by including two 
sets of scales on the diagram, as illustrated in Exhibit 162, in 
which one of the vertical scales is read from the bottom up, and 
the other is read from the top down. 

Both continuous and broken series may be plotted cumula- 
tively, but the fundamental differences, which were discussed 



Exhibit 163. — A cumulative frequency curve with unequal class intervals. 


in connection with the simple frequency curves, must be kept in 
mind. The discussion on the use of smoothed and broken 
curves for showing simple frequency distributions applies equally 
well to cumulative frequencies. 

Exhibit 163 shows a cumulative curve plotted from data which 
were not given in classes of equal widths, because over part of 
the range the frequencies varied so rapidly. Though not all 
intervals are of the same size, the curve is so plotted that equal 
spaces represent equal values and, therefore, the curve is not 
distorted or misleading. 

Comparisons of Frequency I>istributions.---When two or more 
frequency distributions are to be compared, they are usually 
plotted on the same chart, and it is best to use either a broken or 
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a smoothed curve, according to the nature of the series, rather 
than a column diagram or bar chart. 

A comparison of two distributions is illustrated in Exhibit 165, 
which shows the curves plotted according to the actual numbers 


Distbibution of Male Employees in Plants 2 and 3 by Ages 
Week ending June 8, 1935 


Age to 
nearest 
year 

Plant 2 

Plant 3 

Number 

Per cent ’ 

Number 

Per cent 

15 

17 

0.1 

0 

0 

16 

120 

1.0 

0 

0 

17 

426 

3.4 

0 

0 

18 

763 

6.2 

0 

0 

19 

1,020 

8.3 

0 

0 

20 

1,380 

11.2 

7 

.2 

21 

1,500 

12.2 

83 

2.1 

22 

1,410 

11.4 

167 

4.3 

23 

1,139 

9.2 

278 

7.3 

24 

980 

7.9 

302 

7.9 

25 

860 

7.0 

421 

11.0 

26 

719 

5.8 

562 

14.7 

27 

600 

4.9 

607 

15.9 

28 

516 

4.2 

411 

10.7 

29 

380 

3.1 

301 

7.9 

30 

231 

1.9 

243 

6.3 

31 

106 

.9 

199 

5.2 

32 

72 

.6 

149 

3.9 

33 

61 

.5 

70 

1.8 

34 

26 

.2 

26 

.7 

35 

0 

0 

2 

.1 

Total 

12,326 

100.0 

3,828 

100.0 


Exhibit 164. — Percentage distributions of frequency series. (See Exhibits 165 

and 166.) 


of occurrences. It will be noticed that the differences in the alti- 
tudes of the curves interfere with the comparisons of the distri- 
butions. Often it is advisable to place the large and the small 
groups on a more comparable basis by reducing the frequencies to 
percentages, as in the table of Exhibit 164, and to plot as shown 
in Exhibit 166, in which the total number of employees in each 
plant is taken as 100 per cent, and the percentage for each class 
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represents the proportion that the corresponding number is of 
the total. 

In analyzing the curves in Exhibit 165, it would be easy to 
assume that the proportion of employees of twenty-one years of 
age in Plant 2 is greater than the proportion that is twenty- 
seven years of age in Plant 3 . That the opposite is true, however. 


DISTRIBUTION OF HOURS PER WEEK IN THE 
BOOT AND SHOE MANUFACTURING INDUSTRY 
JULY 1933 AND SEPTEMBER 1934 



SOURCE* BUREAU OF LABOR STATISTICS FOR 1933 
AND bUKEAU OF THE CENSUS FOR 1934 


Exhibit 167. — Comparison of percentage cumulative frequency curves. 


is shown directly and accurately by the percentage curves in 
Exhibit 166. 

When cumulative curves are being compared, better results 
can be obtained in many instances if the frequencies are reduced 
to percentages, since proportional size changes of the frequencies 
and the regularity of the distribution can be appreciated more 
readily. The change in the proportions of employees working 
designated lengths of weeks in the boot and shoe manufacturing 
industry from July 1933 to September 1934 is clearly shown 
by tbe percentage cumulative frequency curves presented in 
Exhibit 167, The dots on the chart show the actual frequencies 
and the curves are smoothed to show tendencies. 




CHAPTER VII 


CORRELATION CHARTS 

Graphic methods are a great aid to business men in tbeir 
constant study of such relationships as the degree to which 
advertising can be depended upon to increase sales, the effect 
of population changes upon the markets for their products, the 
relation between the average balance maintained by a bank's 
depositors and its profits, the relation of the price of cotton to the 
size of the crop, the variation in the production of workers with 
the length of their experience, or the relation between wage 
rates and output, which are, of course, problems in correlation 
analysis. The analysis of business problems is a continuous 
process of correlation, and the successful business executive is an 
expert at practical correlation analysis. To describe the practical 
graphic methods of expressing such correlations as the foregoing 
is the object of this chapter. 

Historical Curves and Scatter Diagrams in Correlation. — In 

view of the dominant position occupied by time series in business 
statistics, it is necessary at the outset to understand clearly the 
difference between the two commonly used graphic methods of 
presenting time series correlation. The data of Part A of 
Exhibit 168, showing the number of rainy days and the number 
of umbrella sales for each of 12 months, will be used to illustrate 
the two methods. 

One graphic method of showing the correlation between the 
rainy day and umbrella series tabulated in Part A of Exhibit 168 
is to plot the data as two historical curves as in Part B, The 
movements of the two curves correspond very closely (which 
indicates a high degree of correlation) until December, when 
there is a wide divergence because of Christmas sales. This, 
method of presenting time series is the same as that described 
previously in this book (Chapters IV and V), 

The other graphic method of showing correlation, known as the 
scatter diagram/^ may be used to show the correlation between 

167 
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rSfiny cistys £ind. unibrcllfli ssJos 3<s in Pnrt C of Exhibit 108. In 
this diagram the number of rainy days is plotted on the horizontal 
scale (a;-axis), and the number of umbrellas sold is plotted on the 
vertical scale (j/-axis). That is, to plot the data for January 
(14 rainy days and 147 umbrellas), one would find 14 on the 
rainy-day scale and plot this value opposite 147 on the umbrella 
scale (see Part C, Exhibit 168, in which the dot representing this 


NUMBER OF RAINY DAYS AND UMBRELLAS SOLD 


MONTH 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 


NO. OF 
RAINY 
DAYS 

NO. OF 
UMBRELLAS 
SOLO 

MONTH 

NO. OF 
RAINY 
DAYS 

NO. OF ■ 
UMBRELLAS 
SOLD 

14 

l47 

JULY 

3 

30 

8 

108 

AUGUST 

5 

41 

18 

203 

SEPTEMBER 

1? 

66 

10 

120 

OCTOBER 

96 

22 

175 

NOVEMBER 

13 

1 10 

9 

70 

DECEMBER 

13 

289 


9 70 DECEMBER 

PART A.-TABLE OF DATA 



PART B.--HISTORICAL CURVES 


v/l’^ELLAS 



NO. OF RAINY DAYS 

PART C-SCATTER DIAGRAM 


Exhibit 168. — Two graphic methods of comparing series in correlation analysis. 

particular point is designated by an arrow). When the corre- 
sponding values of two series are paired in this manner, the 
relation between the two is indicated. The reader of Part C of 
Exhibit 168 will recognize rainy days as the independent causal 
factor, and the effect is shown in the dependent fluctuations of 
umbrella sales. This chart clearly indicates that, as the number of 
.rainy days per month increases, the sales of umbrellas tend to 
increase. The trend line through the points helps to indicate this 
tendency. One marked exception to this tendency appears on the 
chart, however, in that one dot (near the top of the graph) is far 
out of line because of Christmas sales, as mentioned previously. 
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Primary and Secondary Correlation. — The scatter diagram 
and historical curve methods of presenting correlation are some- 
times designated as 'primary and secondary correlation methods, 
respectively. 

The method illustrated in Part C of Exhibit 168 and in 
Exhibit 169 is^ primary correlation. The chart in Exhibit 169 
is similar to that in Part C of Exhibit 168, except that the relation- 
ships are expressed directly by a curve and no dots are shown. 
In both charts the variables are paired directly, and the relation- 


COST PER WIDTH OF SEAM 
OF MINING COAL 

iw ROUGH ESTIMATES OF 

DOLLARS A COAL MINE OPERATOR, 1926) 

PER TON 



10 15 

THICKNESS IN FEET 


J 

Exhibit 169. — Primary correlation. 

ship is determined irrespective of any relationship which may 
exist between each and a common third factor. For instance, 
in Exhibit 169 the thicknesses of the different seams of coal are 
measured on the horizontal scale, while the costs of mining these 
different thicknesses are measured on the vertical scale, and the 
relation of the costs of mining to thicknesses of seams is shown by 
the resulting curve. Since the thickness of the seam is the 
standard by which we consider costs, it is the ^^independent 
variable and is measured by the horizontal scale. Depending 
upon the thickness of the seams, the cost of mining will vary and 
this, the dependent variable, is measured by the vertical 
scale. ^ 

^ By convention, the '^independent variable” is plotted on the horizontal 
scale and the "dependent variable” is plotted on the vertical scale in all 
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Usually a correlation chart of this type is made as a curve, but 
occasionally it is made as a vertical bar chart when the series is 
not continuous. 

The secondary correlation method of determining the associa- 
tion or relationship between two variables is illustrated in Part B 


INDUSTRIAL EMPLOYMENT AND PAYROLLS 
1919-1934 

INDEX NUMBERS (I923M925»I00) ADJUSTED FOR SEASONAL VARIATION 



Exhibit 170. — Secondary correlation between two time series. {Adapted from 
United States Bureau of Labor Statistics,) 

of Exhibit 168 and in Exhibit 170. By this method the relation- 
ship is determined by first relating each variable to a common 
third variable (time, in the two cases illustrated). Thus, in 
primary correlation the direct causal relationship between the 

statistical charts. The horizontal scale defines the questions and the vertical 
shows the ^swer. One determines the independent variable when he 
de<fides ULpoh the terms of Ms problem. The readers of charts like BxMbit 
169, for instance, will recognize thickness of the seams as the basis of the 
study but will fix their immediate attention upon the dependent variable, 
or costs of mining, measured upon the vertical scale. 
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variables is indicated, while in secondary correlation the relation- 
ship between the two variables is determined through the rela- 
tionship of each variable to a common third causal factor. 
Care must be taken, however, when studying correlation by the 
secondary method. While there may be a close correspondence 
between the two curves, there may be no causal relation what- 
ever, and hence no correlation. Although curves drawn in this 
way may appear to correspond closely except for occasional 


BUILDING CYCLES 

IN SEVEN SECTIONS OF THE UNITED STATES 
1875-1933 

SMOOTHED CURVES OF CYCLES 
IN PERCENTAGE DEVIATIONS FROM NORMAL TREND 



new ENGLAND SOUTH ATLANTIC 

middle ATLANTIC SOUTH CENTRAL 

EAST north central WESTERN 

WEST NORTH CENTRAL 

Exhibit 171. — Secondary correlation of a group of time series. 

differences, yet these few differences may mean a great variation 
in the degree of correlation.^ 

^ The degree of correlation may be determined mathematically by means 
of the coefl&cient of correlation. The student should be warned, however, 
against spurious correlation. No mathematical calculation is complete 
without an estimate of the probable error in the coefficient of correlation. 
On the whole, carefully handled and interpreted graphics have some advan- 
tages over mathematical, correlation. ' The elements of judgment and 
special knowledge of conditions can be introduced in reading graphical 
correlation. Mathematical correlation, on the other hand, is often much 
too rigid for the data at hand. For further information on the coefficient 
of correlation, see any standard text on statistics such as those listed in 
the footnote on page 133. 
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When a graphic correlation study is to be made of a group 
of time series, the secondary method is generally used in practical 
business prolDlems. Exhibit 171 shows the relation of seven 
different curves to each other. Another presentation of part 
of this same problem (in broken curves) is shown in Exhibit 102 
on page 87. The primary method might be used in charting 
a problem like that of Exhibit 171 by making, say, the average 
the independent variable (horizontal scale) and then plotting 



each series against this average, but ordinarily the secondary 
method (Exhibits 102 and 171) is the most easily understood 
by business men when more than two series are involved. 

BDlstorical Time Series and Frequency Series Distinguished 
from Other Correlative Series. — In a general sense any graph 
with horizontal and vertical scales, in which the corresponding 
values of two variables are represented by a single point, is a 
correlation curve. However, since in business statistics historical 
graphs covering periods of definite dates are used probably 
more than all other kinds oombined, they have been treated 
separately in Chapters IV and V. It should be remembered that 
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a historical graph is a graph of dates. Not only is a period of time 
expressed along the horizontal axis, but this period represents 
definite dates, such as certain months or years. In the corre- 
lation chart shown in Exhibit 172, a period of time is represented 
by the horizontal scale, and in Exhibit 180 (right-hand part), 
page 170, time is represented by the vertical scale, but these are 
not historical graphs, since the time periods are not represented 
by definite dates. Only the lengths of the periods are important 
in these charts, and dates would not be significant. 

Another important kind of graph, the frequency graph, has 
been considered separately in the preceding chapter (Chapter VI). 
The frequency graph shows for each class the number of occur- 
rences. The correlation curve shows the effect of the independ- 
ent variable upon the dependent variable or, for instance, 
the effect of the width of seams upon the cost of mining coal 
(Exhibit 169). 

Correlation Chart Scales. — In laying out a correlation chart, 
the horizontal and vertical scales should be so chosen that the 
space required for the range of the data will be approximately 
equal for both series. If this is not done, there may be difficulty 
in determining even the approximate degree of correlation. 
In Exhibit 173, Part A illustrates how the scales should be chosen, 
while Part B illustrates how they should not be chosen. 

The ^^line of best fit^^ through the dots in Part A, Exhibit 173, 
approximates an angle of 45 degrees and the dots are in a narrow 
band along this line.^ In Part B the dots are in a still narrower 
band, which, of course, does not indicate higher correlation but 
is simply the result of the lesser slope, caused by the horizontal 
scale being too great in proportion to the vertical scale. 

One of the simplest methods of laying out the scales, so that 
the line of best fit (if there is one) will approximate a 45-degree 
angle, is to have the ratio between the scales inversely propor- 
tional to the ratio of the ranges of the data. That is, if the 
range of the x data is 220 million bushels and the' range of the 
y data is 20 million acres, then the scale for x would be to the scale 

^ “Lines of best fit’' may be mathematically computed by the method of 
least squares. In Exhibit 173, however, the lines were drawn in freehand. 
This method of “fitting the line by inspection” is sufficiently accurate for 
most practical business probleUis, and it facilitates a judicious weighting of 
the observaticMls.;, 
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for y in the ratio of 220 : 20, or 11 :1. A convenient approximation 
is usually satisfactory, which in the preceding case might be 10:1, 
so that the same linear distance would represent 10 bushels for 
X as would represent 1 acre for y. 


HOURS 



A.—Correct* . 5.— Incorrect. 

Exhibit 173. — Relations of vertical to horizontal scales on correlation charts. 


STOPPING DISTANCES FOR MOTOR VEHICLES 
WITH EFFICIENT BRAKES 

Stopping (THERMOID STANDARD) 

Distance 
In Feet 
250 


200 


150 


100 


50 


0 10 20 30 40 SO 

Speed Rate to MOet per Hour 

,, 3»B m nm nii W RufcUr Cm 

Exhibit 174. — ^When showing a continuous series, the curve should be smoothed. 

Smootiied and Broken Curves.-— If the nature of the data is 
such that changes in the curve are gradual, with possible values 
at all points on the curve, the smoothed curve should be used 
(Exhibit 174). Thus, on this curve there is a stopping distance 
for every possible speed rate up to 50 miles per hour; and as the 
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speed rate gradually increases, the stopping distance gradually 
becomes longer. 

If, on the other hand, there cannot be values for every point, 
the broken curve should be used (Exhibit 175) . In such instances 
the plotted points represent values, but all that the connecting 
lines do is to point the direction from one value to another, thus 
helping the reader to gain a general impression of the distribution. 
There cannot be values between points in Exhibit 175, since 
motor trucks, according to the sample, are made only in the sizes 
designated. If a bar chart is ever used in correlation charting. 


DISTRIBUTION OF COST PER SIZE OF 
MOTOR TRUCKS 

(115 QUOTATIONS -FEBRUARY 1922) 

PRICE 



DATA FROM MOTOR WORLD, FEBRUARY 1922 

Exhibit 175. — When plotting a broken series, the points should be connected 

with straight lines. 

it should be used for the kind of distribution shown in Exhibit 175 
rather than for the kind shown in Exhibit 174. 

Position of the Curve. — In fitting a curve to a large number of 
scattered points (Exhibits 175 and 176), care must be taken to 
have each portion of the curve as nearly as possible at the center 
of gravity of the dots in any vertical section of the chart. A 
curve may not be correctly located by having the same number of 
dots on each side, for their distances from the curve must be 
considered. As a simple rule to be kept in mind when fitting a 
curve, one may consider the dots in any vertical section of the 
graph as weights arranged on a horizontal lever, with the curve as 
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the fulcrum, and then shift the curve so that the lever will 
balance (Exhibits 175 and 176). 

Indicating Degree and Type of Correlation Graphically. — The 
degree and type of correlation may be indicated for time series 
by both the historical curve and scatter diagram methods. 
With reference to Exhibit 177, the historical curve charts show a 
hi gh degree of direct correlation in Part A, a high degree of 
inverse correlation in Part B, and very low or no correlation 


RELATION BETWEEN PRIGE AND SUPPLY OF 
APPLES IN THE UNITED STATES 


PRICE 

(DOLLARS PER 
BUSHEL) 



1 -1915 <-1918 7-1921 10-1924 13-1927 16-1930 

2 - 1916 5-1919 8-1922 11-1925 14-1928 17 - 1931 ' 

3 - 1917 6-1920 9-1923 12-1926 15-1929 18-1932 


Exhibit 176. — Fitting a curve to scattered points. 

in Part 0. The scatter diagrams in Exhibit 178 show a high 
degree of direct correlation in Part A (narrow band of dots 
running from the lower left to the upper right), a high degree of 
inverse correlation in Part B (narrow band of dots running from 
the upper left to the lower right), and very low or no correlation 
in Part C (dots widely scattered). 

As indicated previously, in making correlation analyses of 
historical curves, great care diould be taken that any instances 
of close correspondence, that do not represent actual correlation, 
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be recoguized. Spurious correlation is often found between two 
time series, and frequently it can be made very high by intro- 


RELATION BETWEEN 
ACREAGE AND PRODUCTION 
OF WHEAT 


RELATION OF PRICE 
OF WHEAT TO SIZE 
OF CROP 


RELATION OF YIELD 
OF WHEAT PER ACRE 
TO POPULATION 


(data hypothetical) 


(data hypothetical) 


(data hypothetical) 


INDEX 



Ol ^ 1 

1875 1900 1925 


INDEX 



1875 1900 1925 


INDEX 

NUMBERS 


POPULATI 






'^YIELD 1 

^ER ACRE 


1875 1900 1925 


A . — High direct corre- B . — High inverse corre- C . — ^Low or no corre- 
lation. lation. lation. 

Exhibit 177. — Historical curves indicating type and degree of correlation. 
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Exhibit 178. — Scatter diagrams indicating type and degree of correlation. 


ducing the element of time lag, particularly when the series 
are short. ^ 


^ See M. C. Horby, Statistics and the Scientific Method/^ Presidential 
Address, Ninety-second Annual Meeting, American Statistical Association, 
December 31, 1930, published in the Journal of the American Statical 
Association^ pp. 1-10, March, 1931. 
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The scatter diagram, when used as a means of estimating the 
degree of correlation, possesses the very desirable advantage 
that it is no more influenced by items of extreme size than by 
items of usual or average size. Some of the mathematical 
methods, however, are decidedly influenced by extreme items. 
In fact, an item of extreme variation may have such influence as 
to give a mathematical expression of low correlation when there 
really is high correlation, or of high correlation when there really 
is low correlation. 

Estimating from a Correlation Curve. — If a primary correlation 
curve or line of best fit truly represents a high degree of correla- 
tion between two series, it is possible to estimate any value 
in one of the series from the corresponding known value in the 
other. Suppose, for example, that we wish to know what $1 
would amount to in 30 years at 6 per cent compound interest. 
Referring to the upper curve in Exhibit 181 (either Part A or 
Part B)j we note that at 30 years (horizontal scale) the curve 
has a value of approximately $6 on the vertical scale. In this 
assumption, the known figure is 30 years, and upon it we base 
our question. Conversely, we might wish to know how many 
years it would take for $1 to increase to $6. We could then 
find 6 on the vertical scale (Exhibit 181) and under this value 
on the curve read the corresponding number of years (approxi- 
mately 30). When charts are made especially for such purposes, 
however, they are designed so that what is ordinarily the inde- 
pendent variable is laid out as the horizontal scale (see footnote 
on page 159). This method of estimating (as described in 
connection with Exhibit 181) may be applied similarly to the 
other primary correlation charts presented in this chapter. 

Comparison of Correlation Curves. — Exhibits 179 and 180 are 
examples of the comparison of correlations. Exhibit 179 shows 
the differences in the costs of the gas and electric arc methods for 
cutting steel for any thickness within the extremes of the chart. 
Exhibit 180 compares the differences in costs and time used, in 
relation to distance, in transportation by railroads and motor 
trucks. 

When comparisons such as Exhibits 179 and 180 are made, the 
units of the scales must be common to all of the series that are 
plotted. For instance, in Exhibit 179 if thicknesses for the 
gas method are measured in inches, then thicknesses for the elec- 
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trie arc method must be measured in inches; and if the cost 
of gas is measured in cents per foot of steel, then the cost of 
electricity must be measured in the samp way. 

It will be noted that the points are widely scattered in the 
“Railroad” curve of the right-hand part of Exhibit 180, and 
hence the degree of correlation is very low. When curves are 



Exhibit 179. — Comparison of correlation curves. (^Adapted from Industrie^ 

Management.) 

freely smoothed, the actual plotted points should be indicated 
clearly as shown in this chart. 

The charts in Exhibits 179 and 180 were drawn on arithmetic 
vertical scales, because they were intended to show the differences 
in the sizes of the costs and time periods involved. If, however, 
not the size differences but the rates of change are to be compared, 
logarithmic scales should be used. 

Use of the Logarithmic Scale. — ^Exhibit 181 shows how an 
investment of $1 would increase at 4, 5, and 6 per cent compound 
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COMPARISON OF RAILROAD AND 
MOTOR TRUCK TRANSPORTATION 

DATA FROM BOSTON NEWS BUREAU NOVEMBER, 8 1921 
COST OF TRANSPORTATION TIME GOODS ARE IN TRANSIT 















o 






RAILROAD 

1 1 / 

/ 

7 ^ 



o 









o 

TRl^K^ 

O 

• — « 




0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200 

MILES MILES 


Exhibit 180. — Comparison of correration curves. 
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interest up to 40 years. Part A of Exhibit 181 shows the curve 
plotted on an arithmetic scale, and its purpose is to show the size 
of the investment for any length of period up to 40 years. It 
does not show the rates of increase, and it does not indicate 
that the rates of increase are more rapid toward the end of the 
period. The rates of increase are constant, and this is shown by 
the straight lines on Part B of Exhibit 181, which is plotted to a 
logarithmic scale. 


RAILROAD AND MOTOR TRUCK 
TRANSPORTATION 
RELATIVE INCREASE OF 



MILES 


Exhibit 182. — ^Logarithmic correlation curves. 

In reading the time chart in Exhibit 180 (right-hand chart), it 
must be understood that the purpose is to show differences and 
not ratios. The rates of change in the two curves as the mileage 
increases cannot be directly compared. In attempting to do 
this, one is likely to decide that, as the distance increases, the 
time taken by railroads increases at a much faster rate than 
that taken by trucks. But this is not the case, as is readily 
seen by plotting the curves on a logarithmic vertical scale as 
shown in Exhibit 182. As the logarithmic chart is described 
in detail in Chapter V, it will not be considered further at this 
point. 



CHAPTER VIII 


^geographical distributions— statistical Maps 

^en it is desired to show the geographical distributions of 
^gnitudes, frequencies, or ratios, various kinds of statistical 


DISTRIBUTION OF SALES OF 
AMAZON INDIA RUBBER CORPORATION - 1935 

FROM ANNUAL REPORTS OF THE CORPORATION 



ExaiBrr 183. — Use of bars to show sizes at geographic points. 

are used. The statistical map shows graphically the 
^ ive geographic positions of the facts represented. 

Maps.— Plain outbne maps with but little or no 
tains are the most satisfactory for statistical work.i Moun- 
not K city aad state names, and the like should 

-___^own unle^ they add a distinct value to the presentation. 

maps usually can be obtained from local stationery 

Interior, Wa^S^^c^i ’ ^^^ence; United States Department of the 
other Commissions; City Engineers; and 
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Methods of Representing Data. — Bars, circles or dots, and 
cross-hatched shades are widely used in making statistical 
maps. The discussions, in previous chapters, of the advantages 
and limitations of bars and circles apply equally well to the 
making of statistical maps, although the graphic problem differs 
to a considerable degree, as will be pointed out in the descriptions 
of the different types of maps in the present chapter. 


DISTRIBUTION OF SALES OF 
AMAZON INDIA RUBBER CORPORATION - 1935 

FROM ANNUAL REPORTS OP THE CORPORATION 



Simple Comparisons of Size for Geographic Points or Areas. — 

The most simple kind of statistical map is that which represents 
sizes in their geographic positions. At the outset it is well to 
appreciate the difference between maps which show sizes at points, 
and maps which show sizes for certain areas. For example, 
Exhibits 183, 184, and 186 represent ijaagiiitudes for points rather 
than for areas, and the maps show the distribution of these 
points, while Exhibits 185, 187, 188, and 189 represent sizes, 
not for points, but for certain defined areas* However, the 




174 GRAPHIC METHODS FOB BUSINESS STATISTICS 

graphic methods used in these two types of maps are the same, 
and therefore they will be considered together. 

In showing the geographical distribution of simple sizes, bars 
are sometimes used, as illustrated in Exhibit 183, in which the 
length of the bar is proportional to the size represented. This 
method shows directly much more regarding the distribution 
than would the ordinary bar chart, but sizes cannot be compared 
so easily since the bases of the bars are not in a straight line. 



When this method is used, all of the bars should be drawn to 
the same scale, and it is well to include a reference scale, as 
shown in Exhibit 183, to aid in making comparisons. 

The geometric form most commonly used in showing data 
like that of Exhibit 183 is the circle. Either the circle or circular 
area is used, according to the distribution of the data. 
Circular areas or dots show up better than open circles when 
they can be used (Exhibits 184 and 185); but if there is much 
overlapping, open circles are the most clearly read (Exhibit 186). 
On all such maps as Exhibits 184, 185, and 186, the circles should 
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1)6 SO drSiWii “tliSitr tilioir 3>r6SiS 3<r6 proportional to tlic sizes repre- 
sented (see Exhibit 13 on page 20). A map on which the sizes 
of the dots vary gives a good general impression very quickly 
and easily, but it is not satisfactory for very close comparisons 
because circular areas are difllcult to compare. To most persons, 
a circular area twice the size of another appears to be less than 
twice as large. In presentations like Exhibit 185 it is well to 
include a scale for reference as illustrated. For more exact 


DISTRIBUTION OF RETAIL MARKETS- 
IN IOWA, 1930 



Exhibit 186. — Use of circles to show sizes at geographic points. {Adapted from 

W Omari’s World.) 

reference in such charts, the actual numbers may be shown in 
small figures in the corners of the states. On a map like Exhibit 
186 the limits of the class intervals should be stated definitely, 
and the circles should be drawn in proportion to the middle of 
each class. It should be noted that in this respect this map 
is faulty. (Other reasons entered into the determination of the 
circle sizes in the original from which Exhibit 186 is adapted.) 

Another type of dot map is illustrated by Exhibit 187. In- 
stead of using different-sized dots to indicate different values, 



176 GRAPHIC METHODS FOR BUSINESS STATISTICS 


uniform sizes are used, and the number of dots for the different 
states is proportional to the number of cars represented. Thus, 
in Exhibit 187, one dot represents 200,000 automobiles. On 
this map, numbers are represented to the nearest 50,000 by 
using a quarter of a dot. The unit which one dot is to represent 
should be so chosen that in no case will there be so many dots 
that they cannot be counted at a glance, and in no case will 
significant data be omitted. The arrangement of the dots 


DISTRIBUTION OF AUTOMOBILES IN 
THE UNITED STATES- 1930 


JANUARV I 



Exhibit 187. — Grouping dots to show sizes. (This type of map should not be 
confused with Exhibit 197» in which the primary purpose is to show density 
rather than size.) 


should be such that the groups in the different states (or other 
unit areas) may be compared easily. They should be arranged 
squarely and in straight rows to facilitate counting, and they 
should be equally spaced in all areas so that the spaces covered 
by the dots will not cause inaccurate impressions. Thus ten 
dots spread over a larger space than that covered by twelve 
dqts nii^it impress the reader as repres^ting the larger number. 
When this type of map is made, the purpose is to represent not 
densities but sizes, and it should not be confused with the density 
dot maps discussed on pages 184 to 187, inclusive. 


GEOGRAPHICAL DISTRIBUTIONS— STATISTICAL MAPS 177 


The method illustrated in Exhibit 188 is similar to that of 
Exhibit 187, except that, instead of a row or group of dots, 
the length of the bar represents the numbers. Long bars may- 
be broken up into several parts so that they will fit into the 
proper area. The scale to which the bars are drawn should 
be small enough to allow the areas on the map to include 
the bars, and large enough to show all significant figures. This 
scale should always be shown for reference, as illustrated in 
Exhibit 188. 


DISTRIBUTION OF ELECTRIC RAILWAY MILEAGE 
IN THE UNITED STATES, 1925 



Exhibit 188. — Use of bars in showing geographical distribution of sizes. 

{Adapted from ABP News.) 

Exhibit 189 illustrates an excellent method of showing geo- 
graphical distributions of size, when it can be used. The col- 
umns, rising perpendicularly from the map, represent the 
different values. The map is mounted on a wood base. The 
long columns (dowels) are inserted in holes bored in the wood. 
The very short columns are either nailed or glued to the map. 

Exhibit 190 is an effective method of showing the tariff duties 
of the different countries in Europe, the amounts of the duties 
being represented by the heights of the wallSi Three-dimen- 
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sional maps of the general types illustrated by Exhibits 189 and 
190 are very effective for use in commercial exhibits or in such 


RETAIL SALES 

WESTERN AND NORTHERN NEW YORK 
BY COUNTIES. 1929 



Exhibit 189. — Bar type of map made by mounting dowels, cut to the proper 
lengths, on a wood base. {Courtesy of United States Bureau of Foreign and 
Domestic Commerce.) 



Exhibit 190— The Tariff Walls of Europe” — an effective method of indi- 
cating the tariff duties of the various European countries. {Courtesy of Sir 
Clive Morrison-BelZ.) 


displays ^ the illustrated in Exhibit 3 on page 9. 'When 
the original thi three dimensions) cannot be used, as in reports 
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and publications, photographs can be made similar to Exhibits 
189 and 190. 

An effective method for certain types of popular presentations 
is illustrated in Exhibits 191 and 192. On these maps the areas 
for which the data are shown are raised to the proper heights 
from the base plane. 

Exhibit 191 represents a photograph of a model, made with 
the aid of a jig’-saw, while Exhibit 192 represents a handmade 



Exhibit 191. — Representing statistical data by raising states above the 
base plane of the map. {Courtesy of United States Bureau of Foreign and Domes- 
tic Commerce.) 


drawing. In using such maps, care must be taken that distor- 
tions of the data do not result because of differences in the 
sizes of the areas (see page 183). 

Exhibit 193 represents a method of showing data for states 
by drawing the area of the state on the map proportional to 
the numbers represented. Such maps, however, are not superior 
to the dot or bar maps just described (Exhibits 183 to 189, 
inclusive) for showing distributions of size. In many cases 
the method illustrated in Exhibit 193 would result in the 
states being so distorted that little if any resemblance 
of their true shapes would remain, and even their relative 
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positions would be inaccurate. It is much more difficult to 
compare the irregular areas on such maps than it is to compare 
either circles or bars. 

Different shades of cross-hatching may be used to represent 
magnitudes on statistical maps. Thus, in Exhibit 194, the coal 
supply, in number of days, is represented for each shaded area by 


AVERAGE ASSESSED VALUE OF LOTS 
JN DENVER, 1931 



192. Repres^tiag statistical data for a city by raising areas above 
me base plane of the map. ^Courtesy of University of Denver Bureau of Business 
Mesearck.) 

different kinds of shading. In such cases of size comparisons, 
however, the b^,r and dot maps previously described present a 
dearer statistical picture of the situation. On a cross-hatched 
map of size comparisons, the shading ranges from white to 
black ^the extreme shades representing the extremes of the data. 
The number of shades to be used depends upon the number of 
closes into which the data are divided, but ordinarily the 
l%htest shading should represent the small extreme and the 
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•j Less than 30 days ^ v.i.* ;;Vv ‘X •>* '• 

^ 30 days and less than 60 days 
1 60 days and less than 90 days '! - jf 

1 90 days and over 

Exhibit 194.— Representing sizes by shading. (Courtesy of Uf^ Smes 

Geological Survey.) 
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darkest shading the large extreme. As a rule, these classes 
should be of uniform size, and the shades should vary to the same 
degree that the classes vary. In Exhibit 194 four different kinds 
of shading, var3dng from light to dark, are used. A clearer 
impression would be given if the shades varied by the same degrees 
of “blackness.” That is, the lowest shading might be 0 per cent 
black; the second, 333-^ per cent black; the third, 66% per cent 
black; and the highest, 100 per cent black. (The shaded map 



Exhibit 195. — Geographical distribution of aggregates showing their com- 
ponent parts. (Courtesy of United States Department of Agriculture.) 

which shows size comparisons should not be confused with the 
shaded map which shows relationships where something other 
than area is a factor. These maps are described on pages 192 
to 196, inclusive.) 

A method of showing the geographical distribution of aggre- 
gates, with their component parts indicated, is illustrated in 
Exhibit 195. Each circular area is a pie chart drawn with its 
total area proportional to the number represented. Component 
bars could, of course, be used in a similar manner. 

Exhibit 196 illustrates a good method for showing a series of 
observations for each point or unit of a.rea. Similar little tii^do 
series charts can be ihade in the curve fOrpi for such maps. 
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Exhibit 196 would be easier to read if the same spacing and the 
same range were used for the vertical scales of all of the graphs. 

Care should be taken, in making maps like those illustrated 
in Exhibits 183 to 196, inclusive, that the variations in the areas 
for which the data are shown do not destroy the significances 
of the data themselves. Such maps compare data which have 
been collected on an area basis. These areas may be equal, 
like square miles; but they usually are unequal, like states. 


AVERAGE rainfall BY MONTHS 
SEVEN SECTIONS OF THE UNITED STATES 



Exhibit 196. — Geographical distribution of time variables. {Courtesy of 

Successful Farming.) 

counties, or cities. For instance, in making a map of the 
United States, it is often impractical to map the data on a 
basis of areas smaller than states, and, if the population figures 
of the different states are compared, unequal areas are compared 
also. That is, in comparing the sizes of the populations of 
Massachusetts and Missouri, we find that of Massachusetts 
almost one-half larger. However, this comparison may not be 
significant for the purpose at hand as the area of Missouri is about 
eight and one-half times that of Massachusetts, and the number 
of persons per square mpe in Massachusetts is approximately 
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ten timpa that of Missouri. In such a case, some other method 
might have to be used. In problems of the type illustrated in 
Exhibits 183 to 196, inclusive, it is desired to show simply the 
numbers or sizes at geographic points or by unequal areas, such as 
states, with little regard for the densities of the distributions. 
That is, we may wish to compare numbers of automobiles by 
states (Exhibits 185 and 187) without showing how close together 
they are, and without regard for differences in area. If, on the 


DISTRIBUTION OF AUTOMOBILES IN 
THE UNITED STATES- 1930 

JANUARY I 



Exhibit 197. — Use of dots in indicating density 

contrary, we are interested in relative concentration, the most 
satisfactory map is the density map, which will now be considered. 

Densities. — In studying most area distributions, the important 
questions are: Where are the points showing a high degree of 
concentration? and Where are the sparse distributions? In 
showing distributions where area is a factor, the density map 
made with dots, as illustrated in Exhibit 197, is commonly used. 
In this type of map all dots are of the same size, and the dis^ 
tributions are shown by the frequency with which these dots 
occur. NTumbers are not well shown by this kind of map but 
the relative densities are clearly indicated. Such a value 
should be assigned to the dot as will best fit in between the 
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extremes. That is, on the one hand, the value should not be 
so small that there would not be room for the dots in the 
concentrated areas — they may run together, hut there should 
not be several layers — ^while, on the other hand, the unit should 
not be so large that important data in the sparse areas would 
be incorrectly represented or omitted. 

The dots representing data should be spread evenly over 
the corresponding units of area.i Care should be taken to see 



Exhibit 198. — A, Wrong because the larger dots in the sparse areas exaggerate 
the data. B, Right because density is correctly shown by dots of equal size. 

that the dots are not placed in rows on a density map. It is 
important to use dots of uniform size. Otherwise the effect will 
be misleading as illustrated in Exhibit 1984. 

Internal boundary lines, such as state lines on a map of the 
United States, are sometimes omitted as in Exhibit 197, but they 
are usually left in as a guide to the reader. In Exhibit 199, 
which is plotted on a county basis, state lines are shown but 
county lines are omitted. 

Since the areas of the states on the map are proportional to 
their actual areas, the dots are automatically distributed on a 

^ After the unit has been selected, the number of dots for each state 
or division may be determined and the figures penciled on each area. Then, 
with a single stroke of the pen for each dot, and counting them as you go, 
keep worMng over the whole area, placing a dot where the largest space 
remains until the required number is placed. The Payzant pen is good for 
this work since it makes a perfectly round dot. 
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square-mile basis if they are spread evenly over each state or 
other unit area. Maps like Exhibit 197, of course, show the 
average distribution for each state, and so do not show the 
concentration points at cities. 

The concentration points show up best when a map is made 
on the basis of small divisions, such as counties on a map of the 
United States (Exhibit 199), or townships on a map of a state, or 
blocks on a map of a city. The degree of accuracy necessary for 
maps of this kind depends upon the purpose for which the map 
is to be used. In Exhibit 200 each dot is carefully located to 



Exhibit 199. — Farm tractor density map of the United States drawn on a 
county basis. {Courtesy of United States Department of Agriculture.) 

represent 200 persons. The dots here are not spread evenly 
over any particular area but are located near the center of 
gravity of each group of 200 persons. 

The type of map illustrated in Exhibits 197, 199, and 200 gives 
the impression of gradual changes from dense to sparse distribu- 
tions, and seems to smooth out the breaks between political 
jurisdictions, which are especially noticeable when ‘ shading is 
used as in Exhibit 201. Ordinarily it is not necessary to use the 
cross-hatching method in maps like Exhibit 201 when area is a 
factor. The actual areas are proportional to the areas on t|e 
map, and the density can be appreciated better by using a dot 
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map like Exhibit 199. In Exhibit 201 the class intervals vary in 
size from two in the lowest group to forty-five in the next to the 
highest group, with no upper linoit upon the highest group. As 



Exhibit 200. — Density map with dots representing 200 persons on a center of 
gravity basis. {Courtesy of Department of Public Worka^ City of Chicago.) 


a rule, class intervals should be equal in size on maps of this kind, 
though occasionally there may be practical exceptions to this 
rule. The difficulty, of course, is to show the sparsely populated 
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POPULATION PER SQUARE MILE IN 
THE UNITED STATES BY COUNTIES, 1930 



Exhibit 201. — Use of shading to show density. In showing density, dots are 
ordinarily preferred to shading. (.Courtesy of United States Bureau of the Census.) 




Hawthorne 
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LOS ANGELES 
PASSENGER TRAFFIC FLOW 

DURING AFTERNOON RUSH ON ALU LINES OF 
LOS ANGELES RAILWAY AND ON CITY LINES 
OF PACIFIC ELECTRIC RAILWAY 



|w«cfi9cr5 per hour. 


Exhibit 203. — foaflic flow map, of Joe B. Ong.) 
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areas accurately. This would be much easier to do by using a 
dot density map such as Exhibit 199. 

While dots are very satisfactory for representing separate 
objects, such as automobiles, factories, and persons, they are not 
truly representative of the density of linear magnitudes, such as 
roads, railways, and telephone lines. This kind of density dis- 
tribution is very clearly shown by using a map like Exhibit 202 
which shows the density of Bell Telephone trunk lines simply by 
mapping the lines in their actual positions. 



Exhibit 204. — World flow of United States exports. {Courtesy of United States 
Bureau of Foreign and Domestic Commerce.) 


Flow Maps. — A special type of density map is the flow map, 
which shows the density of such flows as those of traffic (Exhibit 
203) or merchandise distribution (Exhibits 204, 205, and 206). 

In Exhibit 203 the density of street railway traffic is shown by 
the widths of the lines. This is the common method of showing 
traffic flow. The widths of the lines are laid out to a common 
scale, such as thousands of persons per hour, which should be 
made large enough to show all important traffic, and yet it 
should be small enough so that there is room for the lines in the 
congested districts. 

In Exhibit 204 the same method as that of Exhibit 203 is used 
to show the world distribution of United States exports^ the 
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Exhibit 205. — Density of traflSic flow. {Courtesy of Commercial Research Depart- 
ment, Swift & Co.) 


HARDWARE OUTLETS 



Exhibit 206. — Merchandise flow map. {Courtesy of United States Bureau of 
Foreign and Domestic Commerce,) 
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widths of the flow lines indicating the different amounts of 
commodities exported. 

The concentration area of Swift & Company’s market is 
shown by Exhibit 205 which is designed to show the density of 
the flow lines rather than the importance of each flow. A 
similar problem is illustrated in Exhibit 206, which shows the 
importance of each line of flow by means of bars at both source 
and destination. 


DISTRIBUTION OF AUTOMOBILES IN 
THE UNITED STATES- 1930 

AREAS ON MAP ARE IN PROPORtlON TO POPULATION 
I DOT = 2000 AUTOMOBILES 



ExHffiiT 207. Showmg the relation of population to automobiles by drawing the 

states m proportion to population. (Not recommended for general use.) 

Geographical Distributions Where Something Other than Area 
Is a Factor. ^When a distribution is to be shown where something 
other than area is a factor, such as number of automobiles per 
thousand of population, the density dot map cannot be used in 
the form just described. A method sometimes used is illustrated 
in Exhibit 205^, in which the states are drawn, not in proportion 
to their actual areas, but in proportion to their populations. 
Then the dots representing automobiles show their distribution 
in relation to population. As previously mentioned, however, 
the raethod of distorting the map to represent something other 
than area is not recommended for general use, as it is quite 
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likely to confuse the reader and leave an incorrect impression of 
sizes, distances, and relative positions of the areas represented. 

A better form for showing the data of Exhibit 207 is the cross- 
hatched map illustrated by Exhibit 208. This is not an absolute 
rule, however, since the two maps do not show quite the same 
thing. Exhibit 207 compares populations of states and shows the 
relative density of the automobile-owning population but it does 


DISTRIBUTION OF AUTOMOBILES IN 
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CARS PER THOUSAND OF POPULATION 

JANUARY 1 



200*275 
r777 125*200 

I 1 50*125 


Exhibit 208. — Showing the relation of population to automobiles by a simple 
method of shading. Usually this method is to be preferred over the method 
shown in Exhibit 207. 

not show area, while Exhibit 208 compares areas but does not 
show comparative populations. The range of shading in Exhibit 
208 is graduated equally from white to black in five shades. 
The middle shade is half black and half white. The second one 
from the top is the negative of the second from the bottom. 
The shades vary by 25 per cent from one extreme to the other. 
That is, the bottom shade is 0 per cent black, the second is 25, 
the third is 50, the fourth is 75, and the topis 100 per cent black.i 

1 Ideally, of course, 100 per cent black would represent the saturation 
point. In this map it is used mcacely to represent the highest class. 
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In making map shades, since the differences in the scale are 
represented by differences in the proportion of area covered by 
ink, it is best to make the differences as simple as possible. An 
elaborate design of shading cannot be understood so easily as 


MONEY OF FORTY-EIGHT NATIONS 
IN OCTOBER 1921 



EixHiBiT 209. — A simple method of shading to show percentages. {Courtesy of 

Cleoeland Trust Co,) 

the simple forms illustrated irx Exhibits 208 and 209, in which 
even the direction of the lines does not change. Any number 
of shades can be made very easily, and with their differences 
mathematically exact, by using the method of cross-hatching 


■ 

1 

1 

1 
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0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 % 

Exhibit 210. — A simple method of shading mathematically graduated from 

0 to 100. 


illustrated in Exhibit 210. In this exhibit the shades arc shown, 
with variations of 10 per cent, from zero to one hundred.^ 

1 This shading is very simply and quickly made with the aid of a section 
liner. (This instrument is described briefly on p. 231.) Simply determine 
the width of line to be used and adjust the section liner so that it will move 
exactly this width. Then, in making a 10 per cent shade, for instance, draw 
a Mne, then move the section liner nine times for the white part, and then 
move it again for another black line, and so on. For a 50 per cent shading 
draw five lines together, and then rdove the section liner arm five spaces for 
the white part, and so on. For a 90 per cent shading, draw nine lines 
together and skip one, and so on. 

If a large amount of map work is to be done for reproduction by a photo- 
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Usually it is not practical to have as many shades as are shown in 
Exhibit 210, but it will be noted that the values represented can 
be very quickly appreciated even without reference to the scale. 
It is not difficult to see, for instance, that 10 per cent of the area is 
black in the 10 per cent shade, or that half of the area is black 
and half of it is white in the 50 per cent shade. 

Such maps as Exhibits 208 and 209 give the impression that 
absolute uniformity prevails within each of the divisions and 
that changes occur only at their borders. While this would 
be true, practically speaking, of Exhibit 209, it would not be 
true of Exhibit 208 where the changes naturally occur gradually 
from one district to another. In this respect the distorted map 
of Exhibit 207 has the advantage. In instances where abrupt 
changes actually occur, and where conditions within the areas 
are practically uniform, the cross-hatched map leaves correct 
impressions of the distribution within each area. In instances 
where the distribution within each district is not uniform, the 
reader usually will make the proper allowances if he appreciates 
that the figure represented really is an average. 


graphic process, a great amount of labor can be saved by drawing the shading 
on sheets and making photographic copies. If the photostat method is 
used, only the lower half of a series of shades, like Exhibit 210, need be 
drawn, for negatives of these will make positives of the upper half. These 
sheets are cut and pasted on the map in the proper positions. 

In mounting such shades as the foregoing, only the edges adjoining the 
finished part need be trimmed to fit. Thus, assume that we are pasting 
shades on a map to make Exhibit 208. Suppose that we start with the 
state of Washington. We will cut the north and west sides to fit and let 
any surplus project over Idaho and Oregon. Then, when we mount the 
shade for Oregon, we shall trim the west and north sides properly and mount 
it in its proper position, covering the surplus shade of Washington and 
allowing the surplus shade of Oregon to extend over the unshaded states to 
the south and east. Then, when we mount the shade of Idaho with its 
western side correctly shaped, it will cover the surplus of Washington and 
Oregon and give their eastern boundaries their correct shapes. This 
process can be carried on until the last states are reached when the shades 
will have to be trimmed all around before mounting. Or, if one prefers to do 
so, the shades may be allowed to extend over the national borders, and, when 
completed, the whole map may be trimmed and remounted. 

For the sake of simplicity all shading lines should be made in the same 
direction. The lines should be drawn at an angle of about 45 degrees with 
the border line of the map in order that the changes may not be noticed in 
the angles that these lines form with the meridians and parallels of latitude. 
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Exhibit 211 represents a percentage map on which a somewhat 
more complicated system of cross-hatching is used than that 
represented in Exhibits 208, 209, and 210. Methods of cross- 
hatching similar to that in Exhibit 211 are widely used and are 
designed to show the differences distinctly. The statistical 
advantage, however, rests with the method illustrated in Exhibit 
210. If the method of Exhibit 210 were used in Exhibit 211, only 
the shades from the lower part of the scale would be used since 
there are no data to be represented by the upper part of the scale. 



Exhibit 211. — Shading to show percentages. The general type of cross- 
hatching illustrated is widely used. Compare with Exhibits 208, 209, and 210. 
(Courtesy of United States Department of Agriculture.) 

Use of Colors in Statistical Mapping. — The use of colors in 
statistical map work is limited. No scheme of representing 
different values by different colors can be used to give a visual 
impression that corresponds directly with the distribution of the 
data. No arrangement of red, orange, yellow, green, blue, and 
violet can give a clear impression of a graduated series of numbers. 
That is, for instance, green would not naturally impress a reader 
as representing a larger or smaller number than blue or red. 
Even if different intensities of the same color, graduated from 
light to dark, are used, the maps are more difficult to interpret 
than they are when the cross-hatching method is correctly used, 
and reproduction is much more es^pensive. 
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Colors are very useful in distinguishing one area from another 
or one series from another, but, as a rule, they should not be 
used to represent values. Another effective use may be made 


DISTRIBUTION OF BEEF 
IN THE UNITED STATES 




Exhibit 212. — Comparing geographical distributions. (^Courtesy of Commercial 
Research Department, Swift & Co.) 

of colors for showing positive and negative quantities. For 
instance, profits may be shown in black and losses in red. 

Comparisons of GeofgmpMcal BistributLons.— When it is 
desired to compare different geographical distributions for the 
same area, it is usually best to make different maps of the data 
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as shown in Exhibits 212 and 213. In such cases the maps should 
be drawn to the same scale and they should be plotted in the 
same units if possible. Because of the different units used in 
Exhibit 212 — number of cattle on one map and pounds of beef 
on the other — the comparison is more difficult to comprehend 
than it would have been had the dot been given the same value 
on both maps. 

Exhibit 213 illustrates a good method of showing the changes in 
the sources of Boston^s milk by showing the actual distribution 



Exhibit 213. — Comparing geographical distributions. {Courtesy of Boston 
Chamber of Commerce.) 


of the routes over which it 'is carried. In this chart no attempt is 
made to show the importance of the various sources. 

The Map-tack System. — There are many mechanical aids 
on the market that are useful in graphically showing geographical 
distributions. Chief among these are the mounted maps, tacks, 
pins, beads, cords, rings, tags, and flags, which are used together 
in various combinations in what is commonly known as the 
map-tack system.^ 

1 Complete map-tack systems may be obtained from Rand McNally, 
Chicago; National Map Go., Indianapolis; and Educational Exhibition Co., 
Providence. Inexpensive spherical headed pins may be obtained at 10^ 
cent stores. If suitable colors cannot be obtained, the pin heads can be 
dipped in paints or enamels of the desired shades. 
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The map-tack system is a valuable aid in showing the routing 
of salesmen; in designating towns, branches, and agents; in 
classif 3 dng purchases; and in analyzing competitors’ strengths. 
This system of map making is very flexible. Tacks or other 
marking devices may be added, changed, or removed readily 
according to current requirements. 

If tack maps are made for photographic reproduction, or for 
those to read who are not in close touch with the working of the 
particular map system used by the individual office, they should 



Exhibit 214. — A large-scale wall map. {Courtesy of Rand McNally <fc Co.) 


be simple in design and made according to the dot map principles 
discussed previously in this chapter. 

If, however, the map is made to be used by those who are in 
close touch with the individual system, it may be more com- 
plicated, though care should be taken to keep the system simple 
enough to be understood easily by those who are to use it. 
Disassociated facts may be successfully represented on the same 
map by different devices or different colors if the readers are in 
close enough contact with the system to become familiar with 
their meanings quickly. 

Tack maps vary in size from small hand maps to huge wall 
maps such as Exhibit 214. These large maps sometimes are 
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mounted in sections. It is important to have a map large 
enough, especially if there are congested districts to be studied. 
It is better to have a map too large than too small. 

Map Mount. — Tack maps must be mounted upon a kind of 
board that will allow the pins to be pushed in to their heads with- 
out difficulty and yet hold each one securely. Unless the pin is 
pushed in to its head, it is easily knocked off the map, and as each 
pin is usually placed in position currently as the data are obtained, 
sometimes with no tabular record, it cannot be replaced without 
great inconvenience. 

Wood makes a satisfactory mounting for use with tacks if it 
is very soft, and made up, say, three-ply to prevent warping and 





Exhibit 216. — Cross-section, of tack-map mount. 

Exhibition Co.) 


{Courtesy of Educational 


cracking. A very cheap yet satisfactory mounting can be made 
with three or more layers of corrugated strawboard.^ If the 
tacks are to be removed often, the strawboard should be faced 
with cloth or, better still, with cork. The structure of a form of 
ready-made mount which can be purchased is illustrated in 
Exhibit 215. This mount consists of a cellular strawboard built 
up several ply, the ribs in the alternate layers running crosswise 
to those in the other layers. On the surface of the strawboard is 
placed a thin layer of cork on which the map is directly mounted. 
While it is easy to push a pin into this kind of board, there is 
enough frictional resistance to hold it securely, and moreover the 
resilience of the cork closes the- hole so that tacks may be pushed 
in many times at the same place without danger of working loose. 
For temporary work, especially if the pins are not to be removed. 


1 These layers should be glued together with the ribs in the middle layer 
running crosswise to the others. The map should be mounted with paste. 
In order to equahise the shrinkage and tendency to warp, a piece of plain 
paper should be pasted on the back of the board at the same time the map is 
mounted. The finished map should be dried in a press or under weights. 
If the map is not printed in fast colors, it should be covered with a fixative 
sprayed on with an atonaizer before b^ng wet With paste. 
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a single thickness of corrugated strawboard, mounted on a frame 
so that the tacks or pins may project through the board, has 
been found to be quite satisfactory. 

It is desirable to size and varnish the faces of tack maps as a 
protection against dampness. This treatment also makes 
it possible to wash maps that become soiled. 

Unless tack maps are very small, they should be provided 
with some kind of a substantial frame. ' This is especially neces- 
sary to prevent warping. Examples of the common forms of 
protection are the map cabinet (Exhibit 216), the wall frame 
(Exhibit 219), and the swinging 
display fixture (Exhibit 223, page 
214). 

Map Marking Devices. — Of the 

devices used to indicate facts in the 
map-tack system, the most common 
are tacks, pins, beads, rings, flags, 
tags, stickers, and cords. The most 
important of these devices is the 
tack or pin. 

Map tacks or pins are made with 
sharp needle points, and with glass, 
celluloid, and cloth-covered heads 
which are made in several hundred 
variations of sizes and colors. 

Cloth-covered tacks soil and fade 
more easily than do the glass and celluloid tacks. Exhibit 
217 illustrates the use of spherical glass-headed tacks and 
flat celluloid tacks for representing automobile sales data. 
Such a use of maps and tacks presents a picture of the distri- 
bution that is practically impossible with tables. The large 
celluloid tacks are surfaced so that numbers or other designations 
can be written upon them. Different distributions can be 
presented clearly by using different-colored tacks, but different 
colors should not be used for presenting different degrees of value 
in the same distribution. Fox instance, one might show clearly 
the distribution of population with black tacks all of the same 
size, and the sale of automobiles by using white tacks all of the 
same size, but from a graphic point of view it is not good practice 
to make a map allowing, say, one black dot to represent one 
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autoniobilG 9 ;D.d. oug wliit© dot ten. automobilGS. In this rospoct 
thG map illustrated in Exhibit 217 is faulty. The tack represent- 
ing the sale of ten cars does not directly impress one as being 
ten times as large or important as the tack representing one sale. 



Exhibit 217. — A tack map formerly used by the Willys-Overland Company. 
{Courtesy of Rand McNally (So Co.) 


Looking over the area as a whole, it is difficult to pick out the 
areas of greatest density of sales because the visual impression 
left by observing, for instance, two of the large white- topped 
tacks is much weaker than that left by observing twenty small 
black tacks. From a graphic point of view, the visual impres- 
sion should correspond directly with the facts presented. Other- 
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wise, very inaccurate impressions are likely to be gained. Thus 
in Exhibit 217 the map would be improved by using ten small 
pins instead of one of the larger white-topped pins. There would 
be no difficulty in making this change on the area shown in 
Exhibit 217, but in areas of great density there would not be 
room for so many pins if the plotting were on the basis of one pin 
for each sale. 



Exhibit 218. — Use of map cord. {Courtesy of Rand McNally & Co.) 

A method of showing more accurately distributions which vary 
from extreme sparseness to great density is the use of beads and 
pins. By this method, the spheres are not spread over the area 
but are piled up perpendicularly from the map, making columns 
similar to those of Exhibit 189 on page 178. Where only one dot 
appears, a map tack is used. The larger values are represented 
with long pins strung with beads which are exactly like the 
heads of the tacks. If the long pins available for this purpose 
are too short, steel wire can be used. When a large number of 
beads are used on a pin or wire, it is well to make every tenth 
bead another color so that it will be easy to road the number. 

For supplementing map tacks and beads, other devices, such as 
rfegs, tags, flags, and stickers, are sometimes used to show addi- 
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tional information. These may bear notations or they may 
represent the information by their colors or forms. 

When territories are to be marked off or routes are to be laid 
out, the lines can be made conveniently by using naap cord as 



Ex^iiBiT 2l9.— ’International Harvester Company's tack map with card index 
: syct^n. (Qourtesy of Band McNcdly dt Co,) 


shown in Exhibit 218. Any desired changes can be made very 
easily and without damage to the map simply by shifting the 
cord. 

Washable maps can be secured which will allow marking and 
erasures. They may be marked with pencil, crayon, or 
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and erasures are made by washing as one would wash a black- 
board or slate. 

Often it is desirable to have some means of tying the informa- 
tion of a map to the more complete and detailed information 
given in the various records of the firm. Exhibit 219 illustrates a 
method of using a card index system in connection with a pin 
map. 



CHAPTER IX 


DUPLICATION, REPRODUCTION, AND DISPLAY 

Since it is usually necessary to have more than one copy of a 
chart, it is important to give some consideration to methods of 
duplication and reproduction. The choice of the particular 
method to be used will depend largely upon the purpose of the 
chart. If, for instance, only a few copies are to be made for 
the use of a board of directors, the method may differ greatly 
from the one used to reach the public at large through a magazine. 

Blueprinting. — The method most commonly used by engineers 
in duplicating drawings is that of blueprinting. This method is 
the cheapest one readily available for making a small number of 
direct copies. A drawing intended for blueprinting is usually 
laid out on drawing paper and then traced in ink upon tracing 
paper or tracing cloth which is translucent. Tracing cloth is 
usually preferred to tracing paper because it is more satisfactory 
to work upon, more translucent, and more durable. If the 
drawing is not too complicated, it may be made directly upon 
the tracing cloth or paper. ^ 

In making a drawing on tracing cloth, the surface of the 
cloth should be rubbed with powdered chalk or pounce to remove 
the traces of grease so that the ink will flow freely and evenly. 
To insure a good line, an opaque ink must be used. Colored 
inks often are not heavy enough to print well. To produce a 
light shading, thin colors or pencil tints are sometimes spread 
over an area on a tracing instead of cross-hatching. Such an 
area will print in very light blue when a blue print is made. 

Working charts and preliminary drawings are sometimes 
blueprinted from bond or ledger paper, but such prints do not 
always present a pleasing contrast and the watermarks show 
plainly. Any clear, white paper, however, may be made trans^ 
lucent enougli to make a good blueprint by oiling with ^^Nu|ol’^J 

^ See pp. 218 and 219 for a further description of tracing cloth and paper. 

206 
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or by applying ' Hransparentizing solutions/' which are handled 
by most dealers in drawing supplies. 

If typewritten material is to be blueprinted, the copy should 
be made on thin paper which is not watermarked, a good ribbon 
should be used, and a good carbon paper should be placed in the 
machine to face the back of the paper on which the material is 
being typed. With the ribbon ink on one side of the paper and 
the carbon ink on the other, a fairly opaque letter is made. 

Blueprinting, after the original is made, is a simple process. A 
piece of sensitized blueprint paper, with the tracing in front of it, 
is exposed to the sun or electric light for a few seconds or minutes, 
depending upon the rapidity of the paper. A chemical action 
takes place in the exposed parts which renders the coating insolu- 
ble. This turns blue when the paper is washed in a water bath, 
and the soluble parts, which were protected from the light by 
the ink on the tracing, wash out leaving white lines. That is, 
the ordinary blueprint reverses the black and white of the 
original and the black lines on the tracing are white on the 
blueprint. On an overexposed print, the blue color may be 
intensified and the white lines cleared by dipping in a bath 
containing potassium bichromate or sodium bichromate (1 or 
2 ounces of crystals per gallon of water) and again washing. 
Blueprint paper may be bought in various widths, weights, and 
speeds of printing. When fresh, it is of a greenish-yellow color. 
It deteriorates rapidly and cannot be used at all after a com- 
paratively short time. 

Several blue-line and black-line papers are available with 
which positive copies can be made directly from a tracing. 
Another method of duplicating positive prints requires that a 
negative first be made on Van Dyke paper, ^ which is a thin paper 
that turns dark brown on exposing and fixing. Then from these 
negatives blue-line prints with white backgrounds can be made 
from blueprint paper, or from blue-line print paper, and brown- 
line prints can be made from a special paper prepared for the 
purpose. 

The equipment used in blueprinting varies all the way from 
almost nothing to the type of machine illustrated in Exhibit 220. 
In this machine the tracings and paper are fed through rolls and 


1 This paper is given different names by different companies. 
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the printing, washing, and drying are done in one operation. 
As electric light is used, the operator is independent of the 
sunlight. Frames mounted on carriers so that they may be run 
out of a window are widely used when the exposure is made 
to the sun. Good prints may be made from small tracings 
sim ply by holding them to the sunlight against a window pane. 



Exhibit 220.- -Electric blueprinting machine with washing and drying equip- 
ment. {Courtesy of The C, F. Pease Co,) 

By keeping a small quantity of blueprint paper on hand, it often 
happens that copies of tables, graphs, or printed matter may be 
made in this simple way much more quickly and cheaply than 
they cap be paade by hand or on a typewriter. 

If an exact duplicate of a tracing is wanted, there are firms 
that do this kind of work by a gelatine process in which a special 
matrix print is made in a blueprint outfit and transferred to a 
gelatine-surfaced table. The impression is then inked and prints 
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are pulled from it which can be used for making blueprints equal 
in every respect to those made from original tracings.^ 

Good photostat negatives oiled with ^^NujoP^ or any purified 
paraffine oil, and well blotted, make satisfactory negatives for 
blueprinting. 

Unless one regularly has a large amount of blueprinting work, 
it is usually sent out to commercial blueprinting houses. Wlien 
the amounts of work are small or irregular, this method is ordi- 
narily cheaper and more convenient than operating and main- 
taining blueprint equipment. 

Drawing for Photographic Reproduction. — Much reproduction 
work is done by methods which include some use of photographic 
processes. This kind of work includes that of the photostat and 
the many kinds of plates or cuts'’ for printing the illustra- 
tions in books, magazines, newspapers, circulars, and other 
publications. 

Drawings for photographic reproduction should be made on 
smooth white paper or tracing cloth and in black ink for the best 
results. Green, red, and yellow inks will photograph (as black) 
but pure blue will not show at all in ordinary light. Usually a 
chart that is to be reproduced by a photographic process is made 
somewhat larger than the reproduction. The reduction tends to 
eliminate minor irregularities and gives a much more finished 
appearance than is possible when charts are reproduced in the 
exact size of the original. Exhibit 221 shows how a full-sized 
reproduction looks when it is reduced one-fourth and one-half 
linear. Drawings are sometimes made many times the size of 
the reproduction, but as a rule originals made from two to 
four times (linear) the size of the reproductions will give the 
best results. 

In drawing for reproduction, particular attention should be 
given to the widths of lines. A three-fourths reduction (linear), 
of course^ reduces the width of the line to one-fourth of its original 
width. A very helpful aid in judging the appearance of the 
reduction is the reducing glass, which is a concave lens mounted 
like a reading glass. 


^ One company which duplicates tracings is the lithoprint Company of 
New York, 41 Warren St., New York City. 
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BANK CLEARINGS IN THE UNITED STATES 
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Exhibit 221A. — Drawing — full size. 
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On drawings for photographic reproduction, irregularities and 
errors can be corrected by painting out with Chinese white 
(water color). Lettering can be printed with type on strips of 
paper and these strips can then be pasted in their proper posi- 
tions on the drawing. If the edges are carefully painted with 
Chinese white, and care is used in photostating, the edges of the 
pieces pasted on will not show. Or if a line cut is made, any 
such lines will be tooled out by the engraver when the cut is 
finished. 
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Exhibit 221 C. — One-half reduction of Exhibit 221 A. 


The Photostat. — There are several direct photographic 
methods for reproducing drawings but the most commonly used 
is the photostat (Exhibit 222). In the photostat process the 
sensitized paper is exposed to the chart through certain lenses 
and mirrors, so that by a direct exposure a positive print of white 
lines on a black background can be made. This method is 
especially useful for copying charts or printed matter from 
reports, books, or magazines; and when only a few copies of a 
chart are to be made, it is quite economical. Many firms which 
have a large amount of copying to do have their own outfits, 
while others find it best to have the work done by commercial 
photostating firms. 

Cuts or Plates for the Press. ^ — ^When charts are reproduced 
by the printing press, plates or ^^cuts” are made from the originals 
by various photomechanical processes. 


^ For a good discussion of this subject see Herbert W. Smith, '^Picture 
Plates for the Press , University of Missouri BuMelinj VoL 22, Mo. 28. 
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Statistical charts are usually black-and-white copy with 
no gray tones and are commonly reproduced by cuts known as line 
plates or line drawings. These cuts are made by the process 
known as zinc etching, in which the drawing is photographed 
and a positive is printed on a sensitized zinc plate which is etched 
(corroded) with acid, leaving the protected parts or lines in 
relief. This is the cheapest and most generally used method 
of reproducing charts for the press. Care should be taken to 
see that the drawings are well made since all imperfections are 
of course, reproduced. 



Exhibit 222. Number 1 photostat. {Courtesy of The Photostat Corporation.) 

A method of making cuts, which does not require a carefully 
drawn original, is that of wax engraving. In this process the 
engraver does the work of the draftsman and the lettering is put 
in with type. Thus, a very good cut can be made from a rough 
pen or pencil sketch. The chief disadvantage in using wax cuts 
at the present time is the relatively high cost of engraving them. 

Another kind of cut, occasionally used in connection with 
graphic presentation, is made by the half-tone process, in which a 
negative is made through a screen which breaks up the shades 
into series of dots of different sizes. The eye blends the black 
tone of the dots with the white background of the paper and gives 
an impressioh of a gray tone. For different kinds of paper^ 
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screens of different fineness are used, varying from sixty lines to 
the inch for rotary press newspaper work to one hundred and 
fifty lines to the inch for the finest enamel papers. The most 
satisfactory half-tone illustrations are made from photographs or 
wash drawings. When photographs are used, they should be 
made on glossy paper to produce the best results. ^ 

Ben Day Shading. The high cost of color printing prohibits 
its use for most purposes. When areas must be contrasted, 
usually some form of black-and-white shading or cross-hatching 
is used. This may be drawn by hand or it may be produced 
mechanically by the Ben Day process. The Ben Day shade is 
printed mechanically either on the plate by the engraver or on 
the original drawing from an inked gelatine surface and rubbed 
on with a stylus. Most good engravers can do Ben Day work. 
The particular shades to be used are selected by the maker of 
the chart from a catalogue and designated by numbers on the 
drawing. An example of a chart on which Ben Day work is 
used is shown in Exhibit 121 on page 103. 

Mimeograph and Hectograph.— The methods of the mimeo- 
graph and hectograph are quite generally understood but may be 
mentioned here in connection with reproducing charts. 

The mimeograph is probably the most widely known of the 
stencil duplicators. In this process a stencil is made through 
which a special ink passes to the paper. The original drawing 
is usually made in India ink on paper, and then traced on the 
stencil over a specially prepared table with a ground-glass top 
under which an electric light is mounted. Once the stencil is 
made, any ordinary demand for duplicates can be met easily and 
quickly. The stencil can be removed from the machine and 
used, when it is wanted, several times before it is destroyed. 

In using the hectograph method, the chart is drawn on paper 
with special hectograph ink. This chart is transferred to a 
gelatine pad simply by moistening the surface of the pad and 
placing the drawing face down upon it. Then papers placed in 
contact with the pad receive duplicates of the original. Colored 
hectograph drawing' inks are available. This method is simple 
and inexpensive and is very satMactory when less than one 

1 Exhibit 221 A is an example of the kind of reproduction that can be made 
with a 'line cut/^ while Exhibit 222 is an example of the kind that can be 
made by the half-tone process. 
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hundred copies are wanted. The original, however, can be used 
only once if the pad is charged to make many copies. Probably 
the most widely used machine of this type is the “ Ditto. 

In nsing either the mimeograph or the hectograph, typewritten 
material may be duplicated on the same sheet with the charts. 



Exhibit 223. — Fixture with swinging leaves for displaying charts. {Courtesy of 
Multiplex Display Fixture Co.) 

Other similar methods may be suggested by reference to the 
advertisements in business magazines. 

Lantern Display. — It is often desirable to present a chart or 
table to groups in such a manner that various features may be 
pointed out directly and discussed. For this purpose, wall charts 
serve very well but they are expensive to make. Lantern slides 
are much cheaper and are very satisfactory for showing charts 
to a large number of persons. If the group is small, however, 


^ Made by Ditto, Inc., Chicago. 
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the card records themselves may be presented by means of the 
reflectoscope. This method has a distinct advantage over slides, 
for small groups, as it is much less expensive and may be kept up 
to date much more easily. If records are kept on 4- by 6-inch 
or 4- by 12-ineh cards, the very latest information or data on file 
may be reflected on the screen for use in meetings such as those 
of department heads or boards of directors. 

Display Fixtures. — If charts are to be of the greatest service, 
it is important to have them readily available. Current charts 
should not be hidden away in the files but should be where they 
may be referred to instantly and with very little effort. One of 
the best methods of handling such charts is to mount them on 
display fixtures such as the one illustrated in Exhibit 223. There 
are many makes and types of these fixtures, and many suggestions 
for display will be found by consulting the catalogues of the 
various fixture companies that advertise in business magazines. 
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TECHNIQUE OF DRAWING AND LETTERING 
STATISTICAL CHARTS^ 

The actual drawing of statistical charts is not an art which should 
be studied only by the comparatively few who intend to become 
professional makers of them, but it should be understood by all 
interested in business statistics, because of the training that it gives in 
quick and accurate reading of data presented in the graphic language. 
A knowledge of statistical drafting is also helpful in a number of other 
ways. It may be the means of securing a position, since it is a definite 
attainment which the employer can put to immediate practical use, and 
the applicant can show in advance what he can do. Later, after the 
statistical draftsman has worked his way up in the department, his 
knowledge of drafting will be very helpful to him in supervising chart 
making, and will better enable him to judge the quality of chart work 
whenever and wherever he may be called upon to give an opinion. 

From the point of view of making charts of business statistics, this 
appendix chapter on the technique of chart making is designed to 
cover (1) a description of drawing instruments and materials and their 
uses, and (2) hand and mechanical lettering. 

DRAWING EQUIPMENT AND ITS USE 

In laying out and drawing charts, various kinds of drafting instru- 
ments are used. The ability to use these instruments in a correct and 
efficient manner is quite necessary if one is to be an expert chart maker 
or a good critic of chart work. 

In the selection of drawing equipment, one should obtain the best 
that can be afforded, for success in charting depends to a considerable 
extent upon the quality of the instruments and materials used. Inferior 
equipment is an annoyance and continually distracts attention from 
the actual work in progress, while good equipment wOl, with practice, 
leave the mind free from attention to its use and ndd an environment 
which is conducive to M^-^grade work. ® 

^ Credit should be given to Thomas E. French and his ** En|pneera|^ 
Drawing*^ for many of t^he ideas on instrumeaits and lettering pr^ent^Jsl 
this appendix. 
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The two requirements in the use of instruments are accuracy and 
speed, and in drawing charts of business statistics one is as important 
as the other, and neither is worth much alone. Accuracy must be 
insisted upon at the outset, and speed with greater accuracy comes with 
practice. It is natural, however, for the beginner to waste a consider- 
able amount of time because of the strangeness of his instruments 
and overcarefulness, so the requirement of speed must receive early 
attention. 

The following list includes the instruments and materials necessary 
for ordinary work in graphic presentation of business statistics. 


List of Insteuments and Mateeials 


Set of drawing instruments in case, 
including compasses with needle 
point, pen, pencil, and lengthening 
bar; dividers; bow instruments; 
and ruling pens. 

Drawing board. 

T-square. 

45 and 30-60 degree triangles. 

French or irregular curves and ship 
curves. 

Statistician's scale (12 inch). 

Percentage protractor. 


Lettering pens and penholders (as- 
sorted sizes). 

Lettering guides. 

2H and 5H drawing pencils. 

Art gum, erasers, and erasing shield. 

Thumb tacks. 

Paper. 

Other equipment which may be 
included is mentioned in the 
description. Instrument dealers’ 
and manufacturers’ catalogues will 
furnish additional suggestions.^ 


Charting Paper. — Selection of drawing paper depends upon the use to 
which it is to be put and the personal taste of the individual, but 
in general it is best to avoid poor grades. A good paper should be 
strong, of uniform thickness and surface, should stretch evenly and lie 
smooth, and allow considerable erasing without spoiling the surface. 
Cream, buff, and green papers are much easier on the eyes than white 
paper, but ordinarily white paper should be used if the charts are to 
be reproduced by any kind of photographic process. For most busi- 
ness graphic work, many of the less expensive papers are quite satis- 
factory if they take ink and color well and stand a reasonable amount 
of erasing. Bond and ledger papers are also used to a considerable 
extent in chart making.^ 

If the chart is to be reproduced by the blueprint or related methods, 
the drawing is made on translucent tracing cloth or paper. Tracing 
cloth is usually preferred to tracing paper because it is more satis- 


^ See especially the catalogues of Theo. Alteneder & Sons, Philadelphia; 
Keuffd <& Essex Co., New York; and Eugene Dietzgen Co., New York. 

^ Detailed descriptions of drawing paper with sizes and prices are given 
in catalogues of dealers in engineers’ and draftsmen’s supplies. 
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factory to work upon, more translucent, and more durable. It is 
a fine clotb treated witb a starch preparation. One side is glossy and 
the other is dull. Either may be used but most draftsmen prefer the 
dull side. Care should be taken to protect tracing cloth from moisture 
as the starch preparation is highly soluble in water. 

Pencils. — Lead pencils are graded according to their hardness which 
is expressed by numbers with the letter H.^ Personal preferences vary, 
but for general use in statistical charting a 3H, 4H, or 5H pencil, sharp- 
ened to a long conical point, is the most satisfactory. A softer pencil, 
2H or H, should be provided also for lettering. The chisel or wedge 
point is preferred by some for hard pencils, as it does not wear away so 
fast as the conical point. Pencils may be sharpened to long conical and 



Exhibit 224. — Use of drawing board and T-square. 

wedge points by removing the wood with a knife and shaping the 
lead on sandpaper. Special pencil sharpeners are also provided for 
the draftsmen who care to use them. 

The Drawing Board. — Drawing boards and drawing table tops are 
usually made of well-seasoned, clear white pine cleated at the ends to 
prevent warping (Exhibit 224). The ends should be perfectly straight 
in order that the T-square can be used accurately. Drawing boards 
of 4, 5, or more feet in length are often made in the form of a table. 
Ap adjustable drawing table is illustrated in Exhibit 225. 

Paper is fastened to the drawing board by means of thumb tacks. 
It is cut larger than the drawing to be made and should be placed on 
the board squarely, with the aid of the T-square, and the tacks should 
be pushed in up to the head so that the T-square will not be obstructed. 

1 See p. 206 for further information on blueprinting. 

2 Pencils commonly used are harder as the number increases, and are 
graded from H to 9H. Very soft pencils are graded by their softn^s which 
is designated by the letter B and a number which increases as the lead 
becomes softer. Thus (according to E!euifdl &; Esser Co.) from soft to hard 
they are 6B, 5B, 4B, 3B, BB, B, P, HB, H, HH, 3H, 4H, 5H, 6H, 7H, 8H, 
and 9H. Different companies, however, vary in the use of this system. 
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The T-Square. — T-squares are usually made of hard wood, the better 
grades having the edges of the blades lined with ebony or celluloid. 
They are used principally for drawing parallel lines horizontally and 
for keeping the triangle in position for drawing other lines. Horizontal 
lines should always be drawn from left to right, and the T-square should 



Exhibit 225. — Adjustable drawing table. {Courtesy of Keuffel <& Baser Co,) 

always be used from the left edge of the drawing board (Exhibit 224), 
as the edges are seldom parallel or at right angles to each other. ^ 
Triangles. — Triangles are made of various substances, but transparent 
celluloid is the most popular. Vertical and sloping lines are drawn by 



Exhibit 220. — Use of triangles. 


setting the triangle against the Tnsquare and drawing from bottom to 
top, as illustrated in Exhibit 226, Various sizes are made, but a 6- or 
7-inch triangle wiE be found convenient for most chart work, especially 
when by 11-ineh pap^ used. As celluloid triangles warp easily, 
caj^e should be taken that they ife flat or are hung up when not in use- 


^ This would be reversed for a left-handed man, who would draw from right 
to left and use the T-square on the right edge of the board. 
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Irre^lax Curves and Flexible Rulers.— French or irregular curves 
and ship curves are made of several kinds of material, but transparent 
celluloid is the most satisfactory. They are laid out in combinations of 
spirals, ellipses, and other curves such as will closely approximate those 
commonly used in practice. A smoothed curve is drawn on a statistical 
chart by first locating all the points in the series, and then so placing 
the irregular curve that it coincides with several of them. It is shifted 
from one position to another as the curve is drawn. It is usually best to 
sketch through the points a freehand pencil curve that is satisfactory 
to the eye, and then apply the irregular curve, selecting a part that wiU 



Exhibit 227. — XJse of French curve. (See catalogues of instrument houses for 
illustrations of other curves.) 


most nearly fit a portion of the line (Exhibit 227). It is very important 
that tljLe draftsman indicate in advance on his chart the points where 
the curvature changes. He should then be careful to reverse his curve 
at such points. Also it is important to select the right type of curve 
for the problem at hand and to shift this curve so as to get a long fit 
rather than a short one. When a fit has been obtained, the curve 
should be used only in its central portion, or portion of best fit, and then 
it should be shifted and a new fit obtained. 

Flexible rulers consist of a ruling edge combined with a soft bar of 
lead which holds any curve to which the ruler is bent. They are used 
in much the same manner as irregular curves. They can be adjusted, 
however, to fit a much larger portion of the curve that is being drawn. 

Sometimes, as in drawing a very irregular smoothed curve, time wiU 
be saved by making a special templet out of ttrin cardboard. This is 
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done first by sketching a freehand curve in pencil through the plotted 
points. Then the curve is transferred by carbon paper to a sheet of 
light cardboard. The cardboard is then cut as smoothly as possible 
along the curve with a pair of sharp scissors, and the curve is further 
smoothed with a file or sandpaper. When the thin cardboard is backed 
with a piece of heavy cardboard so that it allows the curve edge of the 
templet to project slightly, it is ready to be used as a guide in inking in 
the curve on the finished chart. Guides of this type were used in 
inking in the curves in Exhibit 171 on page 161. 

Scales. — Statistician’s scales are made especially for laying out 
statistical charts. The one shown in Exhibit 228 has four different 
scales: (1) one in ordinary English rule divisions — sixteenths of an 



Exhibit 228. — A 12-iiich statistician’s scale. (CJourtesy of Theo. Alteneder & Sons.) 


inch; (2) one in decimal parts of an inch; (3) one in centimeters; and 
(4) one logarithmic. Thus, a scale is furnished for making logarithmic 
graduations, and there is a choice of three units for making various meas- 
urements, laying off spaces, or dividing a given distance into a certain 
number of equal parts. The scale illustrated has the advantage of 
having all the scales necessary for chart making in a small and compact 
form, but it must be tilted in order to bring the edge of the scale into 
contact with the paper. This scale is made of plain boxwood or box- 
wood with white celluloid edges. ^ 

There are two kinds of engineer’s scales in common use — known 
as the engineer’s scale” of decimal parts and the ^'architect’s scale” 
of proportional feet and inches. They are made in triangular form and 
also in sets of flat shapes. In chart making these scales are quite widely 
used, especially by those who have had engineering training. 

After the proportions and size of the chart have been determined, 
a convenient method of using a scale in dividing a given space into any 
number of equal parts is shown in Exhibit 229A. The same principle 

1 Scale Number 2735 of Theo. Alteneder & Sons, Philadelphia, Pa. A 
triangular scale with logarithmic graduations is made by Keuffel & Esser, 
New York. Special scales for stafistieiails can be made to order by scale 
manufacturers. ; ■ . . , , 
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applies to the use of the logarithmic scale (Exhibit 229^). If in such 
a case the logarithmic scale is too short, a line twice the length of the 
scale can be laid out between the limiting lines, and each logarithmic 
division doubled as it is laid out along this line. 



A B 

Exhibit 229. — A, Arithmetic division of a given space. B, Logarithmic division 

of a given space. 



Exhibit 230. — Division of a given line. 


Another method which is often convenient in using a logarithmic 
scale, and which may be used also with an arithmetic scale, is that 
shown in Exhibit 230. Suppose that it is die&ired to divide the distance 
AB logarithmically from 1 to 10 with the scale CD. Place the scale 
CD a reasonable distance from the line AB and perfectly parallel wiHiii 
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it. Locate as many points along CD as are wanted on AB. Draw 
the lines BD and AC and produce them until they intersect at E. 
Then lines drawn from E through the points laid off between C and D 
will locate the logarithmic graduations on the line AB. This method, 
of course, can be used for logarithmic spacing of a distance either greater 
or less than the length of the scale used. 

A convenient method for dividing space as, for instance, in laying 
out a bar chart where the spaces between the bars are not the same 
as the widths of the bars, is shown in Exhibit 231. With the dividers 


or scale simply lay out the spaces in convenient units of the right 



proportions on a strip of paper 
somewhat longer than the space to 
be divided, and use the strip as 
illustrated in Exhibit 231. 



Exhibit 231. — Irregular division of Exhibit 232. — A percentage protractor. 

a line or space. (Courtesy of Eugene Dietzgen Company.) 


Protractors. — A protractor (Exhibit 232) is a necessity in laying 
out ^'pie charts.^' The common protractor is a semicircle of 180 
de^ees, but a more convenient form for pie charting is the percentage 
protractor made on a basis of 100 parts in a circle. With this form 
the reading can be made directly from the scale in percentage terms, 
which is easier and quicker than reading proportional degrees. 

Compasses and Dividers. — Compasses and dividers are usually 
included in sets of various combinations with a special case. These 
combinations vary according to the line of work and means of the user, 
but should contain at least a pair of compasses with pen, pencil, and 
lengthening bar, a pair of dividers, and a ruling pen. It is advisable 
to have an instrument case, for it protects the instruments when they 
are not in use, and it is a convenience when handling the tools, as each 
one has its special place. 

The best instrunaents are made of German silver and steel, which 
combine good wearing qualities with ease in keeping clean. The 
cheaper class is made of brass, which tarnishes easily and is generally 
unsatisfactory. All modern high-grade compasses and dividers are 
made with some form of pivot joint, which allows ample movement 
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of the legs, and at the same time prevents the joint from becoming loose 
from wearing, which frequently happens with tongue and pin joints. 
One leg of the compasses is fitted with a needle point, and the other 
may be fitted with either a pencil or a pen by 
means of a shank and socket (Exhibit 233). With 
most instruments the needle is separate and has a 
square shoulder, on one or both ends, from which a 
minute point projects. Before compasses are used, 
this needle point should be adjusted by attaching 
the pen and setting the needle a trifle longer than 
the pen (Exhibit 234). The needle should be kept 
in this position and the lead, sharpened to a fine 
wedge or long bevel edge, should be adjusted to it. 
This will allow the interchanging of pen and pencil 
without adjusting the needle point. 

When a circle is drawn, the compasses, held 
loosely between the thumb and forefinger, should 
be inclined slightly in the direction of revolution. 
Only a light pressure is necessary. In order that 
both nibs of the pen may touch the paper and only 




Exhibit 233, 
A, Compasses. B, 
Lengthening bar. C, 
Pen. {Courtesy of 
Theo. Alteneder cfe 
Sous.) 


Exhibit 234. — 
Adjustment of the 
needle point. 


a small center hole be made, it is necessary that the pen and needle 
be nearly perpendicular to the paper j this is accomplished by bending 



Exhibit 235. — HairAspring dividers. {Courtesy of Theo, AMeneder & Sons.) 


the legs at the knee joints. For drawing circles larger than the spread 
of the compasses, the lengthening bar (Exhibit 233.B) is inserted 
between the leg socket and the pen or pencil. 
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■with, most dra'wing inks. The ink should fill the pen to a height of 
from Me to K inch depending upon the size of the pen; if too much is 
used, its weight will cause it to run out upon the drawing. The width 
of the line is varied by changing the distance between 



Drop pen. 
{Courtesy of 
Theo. Alteneder 


& Sons,) 


the pen points with the thumbscrew. 

The ruling pen is never used freehand, but always 
with a guiding edge. It should be held with the blades 
parallel to the edge, the handle slightly inclined in the 
direction of motion, and in a plane which passes through 
the line perpendicularly to the paper (Exhibit 241). 

Ink will dry rapidly in the point of the pen when it 
is adjusted for fine lines, and may refuse to flow after 
the pen has remained idle for a few seconds. If gently 
pinching the nibs or touching the point on the back 
of the hand does not start the flow, the pen should be 
cleaned and filled with fresh ink. When one is through 
using a pen it should be wiped clean, because a dirty pen 
will not draw clean-cut lines and ink left in the pen will 
corrode the steel blades (Exhibit 242). 

Inked lines may be imperfect because of the fault of 
the pen, the ink, the paper, or the draftsman. Exhibit 
243 shows several common faults for which the draftsman 
is to blame. 

If a pen has become worn or is too sharp or uneven, 
it can be put in proper condition by grinding on an 
oilstone. The points should be given first the proper 


shape (Exhibit 244) by screwing them together and drawing 


them back and forth over the stone. Then the pen should be 


opened slightly and the oviside of each blade ground by giving 
the pen a rocking motion at a small angle with the stone. One must be 



Exhibit 240. ^EuMiig {Courtesy of Theo, Alteneder Sc Sons,) 


careful not to alter the shape of the points or to grind them too sharp. 
They should be sharp enough to draw a fine hair line, but not sharp 
enough to cut the paper. If a buir is formed on the inside, it may be 
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removed by touching it lightly upon the stone, but the inside of the 
blades should never be ground. 



Exhibit 241. — Correct position for 
using ruling pen. 




Exhibit 242. — Pen blade corroded by 
ink. 


Ink. — Waterproof India ink is generally used for chart making, as it 
leaves a permanent black line. It is composed of finely divided carbon 
held in suspension, with shellac added to make it waterproof. Non- 
waterproof ink flows more freely, but is not popular because it smudges 


Oa/c/e ^f/pped info wet line 


Ragged line from dirty pen 


Ink on outaide of pen, ran under Pen pressed too hard agamf guide 


Pen ioo dose io guide. Ink ran under 

Ragged line. Pen sbped amy ftmouide iAm 
Exhibit 243. — Beginners’ 

very easily. A blotter should never be used on drawing ink, as it 
removes part of the layer of carbon and leaves a very weak line. 

Black drawing ink can be secured in sticks, but the more convenient 
liquid form, furnished in bottles equipped with a quill 
for filling the pen, is commonly used. A handy ink bottle 
holder and pen filler, which can be operated readily with 
one hand, is illustrated in Exhibit 245. 

When not in use, ink bottles should be kept tightly 
corked to keep the ink from thickening and drying up. exhibi-t 
D rawing ink must not be allowed to freeze, as once 244. — C o r - 
frozen it is useless. . shape 

Waterproof drawing inks are also made in a variety 
of colors. As colored inks are thinner than India 
ink, they flow more readily when used in a ruling pen. 

Erasers.— Althiough but little erasing should be necessary, a good 
ink eraser shoiild be provided for erasing errors in lines or letters. 
In using erasers, care must be taken not to damage the paper or the 



Pen ioo full Not enough ink ' 


Crooked line from using high guide 

common faults in ruling lines. 
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surrounding work. Erasing shields, usually made of thin metal, are 
used to protect the work around the erasure, which is made through one 

of the slits. 



Exhibit 245, — A handy ink- 


Drawings are cleaned by rubbing them 
with a piece of art gum or sponge rubber. 
However, a finished drawing should not 
be scrubbed all over with art gum or 
rubber, as it takes the life out of the inked 
lines. 

Tinting. — The usual method of tinting 
is to apply light washes of water colors 
with a cameFs hair or sable brush. As 
red sable brushes are not affected by 


bottle holder and pen filler, water, they are better for this work than 
^ cameFs hair brushes which lose their 
elasticity after being wet. These brushes 


are commonly fitted with long handles, which may be made more 


convenient for some work by being cut down to a length of about 


7 inches. Three brushes of convenient size for 
ordinary chart work are shown in Exhibit 246. 
Brushes should be cleaned after each time they are 
used, and should not be allowed to stand with the 
weight of the handle on the hair. 

After the drawing has been inked and cleaned, 
the part to be tinted should be gone over with a 
wash of clear water in order that the color may 
spread evenly. A pool of color is then led with a 
brush over the surface. After the surface has been 
covered, the brush should be wiped out and used to 
pick up the excess color. The tints should be mixed 
as light washes in shallow dishes. Deep colors can 
be obtained by repetition of the washes. One should 
see that the wash is thoroughly mixed and that it 
is not too thick. 

Colored inks may be diluted and used in the same 
way as water color washes. 

Crayons are handy to use and, if they are care- 
fully applied, good effects may be produced. They 
should be applied very lightly with a fiat point and 
with parallel strokes. Depth of color should be 
secured by repetition of strokes— not by pressure 
which makes it impossible to get an even color. 



Exhibit 246. — 
Water color brushes 
— ^fuU size. (Cour^ 
teay of Eugene Dietz- 
gen Co.) 


Various line or dot effects can be secured by placing the drawing 


over different kinds of irregular surfaces, such as book bindings, and 
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then rubbing with crayons. Some crayon work can be evened by 
smudging with a cloth over the end of the finger, but usually this 
process takes the life out of the color. Work done in soft crayon may 
be made permanent by spraying a shellac fixative over it with an 
atomizer. 

Shading.-— In cross-hatching shades on bar charts-, belt charts, and 
maps, the mechanically spaced rule, commonly called the section liner , 
is a valuable aid. This is especially true when the system illustrated 
in Exhibit 210 on page 194 is used. The section liner can be adjusted 
for various spacings, and the ruling edge is moved from one space to 
another by pressing a small lever. Only the better grades of section 
liners are recommended for such shading as that in Exhibit 210, as the 
spacing devices must be highly accurate and dependable. 

A makeshift section liner, which is very satisfactory when skillfully 
used, can be made with a T-square, a triangle, and a coin which 
is somewhat smaller than the hole in the triangle. The T-square is 
fastened to the drawing board with thumb tacks. The triangle is 
set against the T-square in the usual manner, and the coin is placed 
in the hole in the triangle to control the distance that it can be moved. 
With the fingers on the triangle and the thumb on the coin, the coin is 
moved as far as it will go; then, while the coin is held securely, the 
triangle is shifted as far as it will go, and so on. For dense cross-hatch- 
ing, a coin only slightly smaller than the hole in the triangle would be 
used. For sparser hatching, a smaller coin would be used, which would 
allow a greater movement of the triangle. 

When the shading problem is simply one of differentiating areas — 
that is, when the different shades themselves do not represent statistical 
magnitudes, the air-brush method is very satisfactory and efficient. 
Black or colored inks or washes can be sprayed on a chart very rapidly 
and smoothly with results not possible in hand work. The air brush is 
especially useful in making up charts where special artistic effects are 
desired, such as in connection with window displays or popular advertis- 
ing exhibits. 

White lettering or lines may be made to show through air-brush 
shading by drawing them in rubber cement before the air-brush work is 
done. After the shading is completed, the cement is removed, care being 
taken not to rub the adjoining inked areas too much. Rubber cement 
can likewise be used to protect areas from ink when other than air-brush 
methods are used. 

Optical Illusions. — In cross-hatching or shading areas it must be 
recognized that one must contend with certain optical illusions. Occa- 
sionally these illusions spoil the effect of fe entire chart. Some of the 
most common are illustrated in Exhibit 247. Note that in A the part 
of the bar shaded with horizontal lines appears to be narrower than the 
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parts shaded with vertical lines. In B the part of the bar shaded in 
black appears to be narrower than the white parts. In both A and B 
the sides of the bars are perfectly straight and parallel. In C the first 
and second bars appear to be closer together at the ends than in the 
middle, and the second and third appear to 
be farthest apart at the ends while, as a 
matter of fact, the three bars are perfectly 
parallel. 

Copying Devices. — A convenient device for 
copying charts on heavy paper is the glass 
copying board or table. It is so made that 
natural or artificial light passes through the 
glass from below and the opaque lines and 
letters can be distinguished easily from the 
more translucent parts. The better forms 
consist of a plate-glass top over a ground glass 
which evenly distributes the light furnished 
from underneath by electric lamps mounted 
over a bright reflector (Exhibit 248). This 

^cHiBiT2l.-Opticaimu. comparing different 

sions. superimposing one over the other. 

As an emergency substitute, a chart may be 
clipped to the drawing paper and held up to the light against a window. 

For transferring the outline of a chart, carbon paper can be used 
provided the original is not too stiff. The chart and drawing paper, 
with the carbon sheet between, are so tacked down that one will not 
move upon the other, and the hnes are traced with a small round point. 










Exhibit 248. — Glass board for copying and comparing charts. 

neering Drawing'^ by Thomas E, French,) 


{From **Engi- 


A method similar to this is transferring by pricking, in which the chart 
is laid over the paper and pricked through with a needle point, turning 
the chart back frequently and connecting points. 

Charts can be reduced or enlarged in any proportion by means of the 
pantograph. It consists of a parallelogram of four bars having the 
tracer, pencE, and pivot in a straight line. Any adjustment of the bars 
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in conformity with this arrangement will copy in true proportion. A 
simple wooden form is inexpensive and accurate enough for most chart 
drawing, but better work can be done with the finely constructed, 
suspended pantograph.. 

Mounting and Adhesives.— There is no single method of mounting 
that can be used for all cases. Different purposes and materials require 
different adhesives and handling. 

A very satisfactory adhesive for temporary mounting in general chart 
work is liquid rubber cement. It does not warp the paper, and any 
excess may be rubbed off the chart with the finger or an eraser, leaving 
the paper clean. Paper mounted with this cement is held securely, 
but may be pulled off without tearing, as the cement is not so strong as 
paper. As different kinds of cement vary widely, care should be taken, 
when rubber cement is purchased for use on paper, to select that which 
sticks well and is light in color. Special rubber cements for mounting 
paper may be obtained from stationery dealers. Some kinds of cement 
provided for repairing automobile inner tubes are also satisfactory for 
mounting paper. These cements may be spread with the finger or with 
a brush and should be applied freely over the entire surface of the paper, 
which then should be pressed firmly into place. A stronger joint can be 
made, however, by coating both surfaces and letting them dry a few 
minutes before pressing them together. Where great strength is 
desired, as in joining paper with a small lap, rubber cements are not 
practical, and for permanent mounting they are unsatisfactory, as they 
lose their adhesive qualities with age. 

If paper is stretched on a drawing board and the edges fastened with 
glue, another paper can be mounted on it with thin photographic paste 
or liquid glue without warping. The papers must, however, be allowed 
to dry thoroughly before being cut from the board. If loose papers are 
stuck together with paste or glue, they will warp, but sometimes they 
can be smoothed out reasonably well with a hot iron. 

There are two common methods of mounting paper on cloth — hot 
mounting and cold mounting. Hot mounting can be done much more 
rapidly than cold mounting and for this reason is generally used. To 
hot mount a chart, first stretch the cloth tightly over a cloth-covered 
board and fasten it securely with tacks. Then cover the back of the 
chart with a thin hot photogiraphic paste or liquid glue, brushing from 
the center outward. Have a hot iron ready and press the chart down 
updn the cloth, working rapidly from the cent^ toward the edges. As 
soon as the edges are stuck, remove the tacks and raise the cloth to let 
out the steam. Iron on the chart side until dry. If the iron is used on 
the cloth side, the steam formed will cause blisters. Gold mounting is 
done in the same way, except that cold paste and a photographic print 
roller are used, instead of hot paste and an iron, and the chart is allowed to 
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dry thoroughly before the tacks are removed. Paste and glue work well 
in both methods, but glue breaks the more easily if the chart is folded. 

Ordinary adhesive tape is very convenient for such purposes as 
temporarily mounting a chart on a wall where tacks cannot be used. 
Some draftsmen use it to fasten paper to the drawing board. Many 
other uses for adhesive tape will suggest themselves if a roll is kept 
readily available. 

LETTERING 


Lettering is closely related to drawing but is not part of it. It is a 
separate and distinct subject, covering the making and use of letters of 
various accepted styles and sizes. Letters may be made either by hand 
or mechanically. Hand lettering is the process of making them by the 
freehand single stroke method or by the 
method of drawing them with the aid of 
drafting instruments. Mechanical lettering 
involves the use of mechanical equipment 
such as the printing press or the typewriter. 
As far as appearance is concerned, there is 
no part of a chart more important than the 
lettering. A good drawing xnay be ruined by 
poor or careless lettering, not only in appear- 
ance but in its effect, as any evidence of 
carelessness or lack of skill tends to destroy 


OLD ROMAN 
Reman lower case 
MODERN ROMAN 

COMMERCIAL GOTHIC 

ExHffliT 249.— A few of confidence in the work, 
the different styles of let- m i ^ i i 

ters commonly used by Two fundamental requirements, which any 

printers. (Only the method of lettering used in graphic presenta- 
sSo&rteO business statistics must possess, are 

legibility and speed. If it has these qualities, 
almost any consistent style of plain, neat lettering is acceptable in 
the ordinary course of chart work. Ornate lettering has its place 
among artists and craftsmen but is not practical or appropriate for 
business charts. 

Styles of Letters. — The most common styles of letters used in charting 
are the “Commercial Gothic,'^ and the “Modern Roman'' or its 
modifications (Exhibit 249), In mechanical lettering both styles 
are used. In hand lettering the style used chiefly is a modified form of 
Commercial Gothic. 

Hand Lettering. — There are two general divisions of hand lettering — 
freehand sin^e stroke or written letters, and drawn or* built-up letters. 
Smiall Commercial Gothic are made by the freehand single, stroke 


method, but the large size are usually drawn with the aid of drawing 
instruments. Both large and small Roman , are commonly made in 
outline and filled in. 
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Lettering Instruments. — Many different kinds of steel writing pens 
are used for lettering. Exhibit 250 shows several pens which are widely 
used for making letters under K iiich high. The size of pen to be used 
depends upon the width of line desired for the lettering. The pen 
should be selected which will make the desired width without spreading 
the point. Fine pens should not have points so sharp that they will 



Exhibit 250. — ^Lettering pens. {Courtesy of Eugene Dietzgen Co.) 


scratch the paper, and for this reason lithographic pens are not well 
adapted for chart lettering. New pens are covered with a very thin 
film of oil which should be removed before they are used, by wetting and 


wiping dry. Steel pens may be inked by dipping them into the bottle, 
but many consider it better to fill them with the ink-bottle quill or a 
dropper. If too much ink is used, it has a tendency to run where 


strokes are joined in the letters (Exhibit 251). 
Lettering pens should be given as good care as 
other instruments, for a well-broken-in pen is 
more valuable than a new one. The ordinary 


FHKWX 

Exhibit 251. — Too much 
ink. 


cork grip penholder is commonly used, though various other kinds 
are furnished to suit personal preferences. 

A very popular form of special pen for making letters from }i to 
23^ inclies high, is the Payzant pen (Exhibit 252). Uniform lines can 
be made easily with this pen, as it is constructed to produce the same 
width and density of line, no matter in what direction the pen is moved 
over the paper. It is obtainable in eleven sizes, which make lines from 
0.012 to 0.2 of an inch wide, as illustrated in Exhibit 252. The Payzant 
pen is filled by placing the ink in the reservoir with a quill or dropper. It 
should never be dipped into the mk. When the pen becomes clogged, 
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the flow can be started by inserting a piece of stiff paper between the 
nibs as illustrated in Exhibit 252 (bottom pen). Strokes made with a 
Payzant pen have rounded ends, and if a better finish is desired, sharp 
corners may be added with a fine steel pen. 





No. 000. 00. 0. 1. 2. 3. 4, 5. 6, f. 8. 

Exhibit 252. — Payzant lettering pens. (Courtesy of Keuffel & Esser Co.) 

Letters larger than inches high, such as those used in titles of wall 
charts, are best made by outlining with drawing instruments and filling 
in, but fair letters may be made much more quickly by using a brush 
or a pen such as the automatic marking pen 
(Exhibit 253). When the automatic marking 
pen is used, care should be taken to see that 
the letters are correctly shaped. This pen is 
made in various sizes for lines from }/{q to H inch 
in width. It should always be filled with a quill 
or dropper and never by dipping it into the ink. 

A convenience for making guide lines is the 
Braddock lettering triangle. The pencil point 
is inserted through one of the holes, and the line is 
drawn by sliding the triangle along the T-square 
or other straight edge. The numbers of the 
columns of holes express the heights of capitals 
in thirty-seconds of an inch. Vertical or slanting 
guide lines may also be drawn with this instru- 
ment by using it as an ordinary triangle. Several 
other lettering triangles similar to the Braddock are made by instrument 
manufacturers. 

After one has studied lettering and knows what sizes to use and how 
the letters and lines should be spaced, the lettering guide illustrated in 



Exhibit 2SS . — ^Amto- 
matio marking pens. 
(Courtesy of Eugene 
Diet^en Co.) 
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Exhibit 254 is a very satisfactory aid in making accurate forms. ^ The 
lettering on the chart in Exhibit 6 (page 13) is an example of the work 
that can be done with the aid of this device. A good pen to use with 
all except the smallest guides is the Payzant Hlustrated in Exhibit 252. 
The special pen shown in Exhibit 254, however, is preferred by many 
and is essential if one is using the smaller guides. 



Exhibit 254. — Wrico lettering guide. {Courtesy of Wood-Regan Instrument 

Co.) 


General Proportions. — There is no standard proportional relation 
of width to height in letters. When space for lettering is short, 
COMPRESSED LEHERS, which are very narrow in width as compared 
to height, are used. When it is desired to spread a short title 
over a long space, EXTENDED TETTERS, which are very wide 
in proportion to their height, are used. The most legible and stable 
appearance of capitals is secured by making the width about seven- 
eighths of the height (except I, M, and W). Letters also vary in the 
thickness of stroke in proportion to height. Those with heavy strokes 
are known as “bold face” and those with narrow strokes as 'Tight face” 
letters. 

In making letters one must contend with certain optical iUusions. 
Round letters, such as C, O, or Q, will appear to be smaller than square 
letters, such as E, F, or Z, if they are made exactly the same in height. 
This is true also of letters such as A and V which would appear to be too 
short at the pointed ends: In order to give the appearance of equal 

1 The guide illustrated in Exhibit 254 is manufactured by Wood-Regan 
Instrument Co., 154 Nassau Street, New York, and distributed by Eugene 
Dietzgen Co., New York. Descriptions of other guides may be found in the 
catalogues of drafting instrument manufacturers and distributors. 
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heights, the round or pointed ends of letters should be extended a little 
over the guide lines which limit the letters that have square ends. If 
letters such as E, H, or S are to look well-proportioned, their top and 
bottom halves should appear to be equal. This effect can be secured 
only by making the letters slightly narrower at the top than at the 
bottom and drawing the center lines slightly above the middle. The 
illusion referred to will be quite evident if any printed page is turned 
upside down and the letter S observed. The point must be emphasized, 
however, that the corrections for these illusions are very small and that 
overdoing them is worse than overlooking them. 

Freehand Single Stroke Lettering. — ^The term ^'single stroke” means 
that the width of a single stroke is the width of line used in making the 
letter, and ^^freehand” means that no guiding instruments are employed 
and the pen is used as in writing. Freehand is the lettering most 

commonly used on statistical charts, 
and a knowledge of its construction 
is very necessary for anyone who 
makes them. The ability to letter 
well can be acquired by anyone who 
has normal control of his fingers, 
who will practice faithfully, and who 
Exhibit 255.— Gmde lines for observe carefully the shapes of 

the letters. There is no direct rela- 
tion between one’s lettering and his handwriting. Many good letterers 
ivrite very poorly. 

In lettering, the pen should be held lightly, as in writing, and the 
strokes drawn with a uniform motion, with a light, even pressure on the 
paper. The stroke should be complete in itself and should not be 
sketched in or retraced. The nibs of the pen should not spread. If a 
heavier line is wanted, a coarser pen should be used. Horizontal guide 
lines should always be penciled in as an aid in making the tops and 
bottoms of the letters even and straight (Exhibit 255). Other lines 
may be ruled in at random to aid in making strokes vertically or at a 
certain slant (Exhibit 255). The letters may be made directly in ink, 
but penciling is necessary in composition or laying out symmetrical 
titles. Vertical strokes are always made downward, and horizontal 
strokes from left to right. 

Vertical Single Stroke Capitals. — The forms of these letters must be 
very carefully observed and should be made exactly as shown in 
Exhibit 256, The letters are all made the same in width except M, W, 
and i. The figures (excepting 1) may be made the same in width as 
the capital letters, but usually the effect is better if they are ma,die 
slightly narrower. In height the figures are made the same as the 
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capital letters. Cross lines are drawn slightly above the center, except 
i^ and 9, in which they are a little below. The similarity in the 

proportions of the letters B, E, F, H, J, L, P, R, and V is brought out 
by Exhibit 257, which shows how they would look if superimposed one 

A B C D E F G H 1 
J K LM N O PQ R 
STU V W X YZ&. 
I 2345 67 890 

Exhibit 256. — Vertical single stroke capitals. (From ''Engineering Drawing” by 

Thomas E. French.) 

upon the other. The sides of the letter M should appear to be parallel, 
and not sloping as in an inverted W. A very important point to observe 
in making the letters B, D, P, and R is that the tops and bottoms are 

B @ 

Exhibit 257. — B, E, F, H, J, L, P, R, Exhibit 258. — 6, 9, and 0 superim- 
and U superimposed. posed. 

made mainly of horizontal strokes. The backbones of the 6 and the 9 
have the same curve as the cipher. Exhibit 258 shows these three 
figures superimposed. 


Qf-a '‘b c i j kl m 


n op p'f s tU V w xyy z 

Exhibit 269. — ^Vertical lower case. (From “ Engineering Drawing” by Thomas E, 

French.) 


Vertical Lower Case. — ^The alphabet of vertical lower case letters is 
made as shown in Exhibit 259. These letters are all of the same width 
except the seven letters f, i, j, 1, m, t, and w. The bodies are made two- 
thirds of the height of capitals, with the ascending stems reaching the 
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cap guide line and the descending stems reaching the same distance 
below (Exhibit 260). The circle and parts of it combined with straight 

i 

Exhibit 260. — Proportions of letters. Exhibit 261. — a, b, c, d, e, g, h, n, o, p, 

q, r, u, and y superimposed. 

lines form the basis of the letters a, b, c, d, e, g, h, n, o, p, q, r, u, and y. 
These fourteen letters are shown superimposed in Exhibit 261. 





Exhibit 262 . — Inclined capitals. {From ^^Engineering Drawing'^ hy Thomas E. 

French.) 

Inclined Capitals. — The inclined .or slanting alphabet shown in 
Exhibit 262 is easier to make than the vertical, as a slight difference in 
inclination is not apparent, while a slight tendency 
from the true vertical is very noticeable. The incli- 
nation is generally made from 60 to 70 degrees from 
the horizontal. Special triangles are made for draw- 
ing these slope lines. Particular attention must be 
given to the inclined V, and TF, in that a slope 

Slope of iPoimed <^wn through the point of the letter should 
A, F, and TF. bisect the angle made by the two sides of the letter 
(Exhibit 263). The discussion of sizes and pro- 
portions in the preceding paragraph on vertical capitals applies equally 
well to the inclined capitals. 

Incliiied Lower Case.— ^The inclined lower case letters (Exhibit 264) 
are founded upon the straight line and the ellipse instead of the circle. 



Exhibit 263 . — - 
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In other respects they are proportioned the same as in the vertical 
system. 

Common Errors to Be Avoided. — Some common errors to be avoided 
in both capital and lower case letters are illustrated in Exhibit 265. 

L^ge Commercial Gothic. — The preceding description of letter 
making has covered only the freehand single stroke method of making 
the Commercial Gothic style of lettering. For large, careful work the 
letters are outlined and filled in (Exhibit 266). In inking a penciled 
outline, the ink should not extend outside the pencil line or the letter 

a b c d e fg h i J k! m 
n o pq rst uvwxyz 

Exhibit 264. — Inclined lower case. {From "'Engineering Drawing** by Thomas 

E. French.) 

will be made heavier than was intended. For lettering that is to be 
read from a distance, brushes or Payzant and automatic marking pens 
sometimes are used. Such lettering will stand close inspection when 
made by a very skillful workman. 

Handmade Modem Roman. — The Roman is the most familiar of all 
styles of lettering, as it and its modifications are generally used in 
present-day printing. It is, however, a difficult lettering to make, and 
can be mastered only by very careful attention to the details of forms 
and proportions, 

riohtb M W 2 49 a f g nt 

Exhibit 265. — Common errors. 

Exact rules for the formation of these letters are of little value, as 
success in making them depends upon the judgment of the drafteman. 
The two widths of lines, which were originally the upstroke and down- 
stroke of a ifiexible reed pen, mmt be arranged in the right order. It is a 
bad error to shade a Roman letter wrongly. The seriphs at the ends 
of the strokes are very important' parts of a letter, so far as appearance 
is .concerned. A seriph should be joined by a short curve, and not by 
an ft-ngnlflr line. Roman lettors are usually made in outline, either 
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freehand or with instruments, depending upon the size, and then are 
filled in> 

Spacing. — Definite rules for spacing letters cannot be laid down 
because of the varying proportions of the letters. An appearance of 
uniform spacing is a matter of artistic judgment, and cannot be gained 
mechanically. If letters are spaced at equal distances along the guide 
lines, there will appear to be more space between letters such as AT or 
OC than between letters with parallel sides such as HN. To give the 
appearance of equal spacing, the minimum spacing should be used in 




IJKLMNOP 

i 4 5i 6i 5 

nnn/7^0RSTU VW 

^ <5 S ‘6 

:^YZ 12345 

§ 7 § 9 

Exhibit 266.— Outlined letters for large careful work. {From Engineering 
Drawing** hy Thomas E, French.) 


such combinations as AT, AV, LY, or TJ, whereas the maximum spacing 
should be used in straight side combinations such as HE, NU, or IR. 
Beginners often make letters too narrow for their height, or space them 
too far apart. Crowding, however, should also be carefully avoided. 

Spacing between words varies with the effect desired, but it should 
always allow the words to be read easily. In ordinary work the space 
should appear to be about one to one and one-fourth times the width 
of the average letter used. 

^ For further informatioii see Thomas E. French and W^illiam D. TumbuH, 
‘‘Lessons in Lettering,’* McGraw-HiU Book Company, Inc., New York, 1924. 
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It is very important to allow ample space between lines if tbe work 
is to be read easily. This space should be from one-half to one and one- 
half times the height of the capitals. A crowded appearance will result 
if insufficient space is left between lines. 

In laying out a symmetrical title for a chart it usually is best to balance 
it on a vertical center line. The letters and spaces in the title are counted 
and then sketched in pencil, beginning each line with its middle letter 
at the center line. (Proper allowances should be made, of course, for 
the effects of M, W, and I.) 

Mechanical Lettering.— The term “mechanical lettering'' is intended 
to include aU methods in which the letter is produced, not by being 
built up each time, as in hand lettering, but by some already produced 
letter form which may be used over and over again. The term is 
broader than printing (with type) as it includes such methods as stencil- 
ing and the use of cut-out letters. 

The Drafting-room Printing Press. — Small hand printing presses 
are made especially for printing on charts and drawings. Any Mnd of 
ordinary lettering work can be done much better and faster on these 
presses than it can be done by the average draftsman. The presses 
are simple in construction and require relatively little training for 
efficient operation. 

Rubber Stamps. — Rubber stamps can be used for making reasonably 
good lettering, provided they are used skillfully and with the right kind 
of ink. A uniform impression can be made with a large stamp by using 
a simple, inexpensive, rubber type printing press. By using the 
“ Stamp-o-graph process,"^ opaque, smear-proof letters can be stamped 
on tracing cloth. 

Pasting on Printed Titles. — ^Very good results can be obtained, in 
making charts that are to be reproduced by a photographic process, by 
pasting on titles that have been set up and printed by the ordinary 
printing process. Several titles can be set up and printed together at a 
small expense. They can then be cut apart and mounted in the proper 
positions on the charts. If the edges of the printed strips are painted 
with Chinese white, they will not show when they are photographed, 
and the letters will appear to be printed directly on the chart. 

Cut-out Letters. — Gummed letters, cut out of black or colored paper, 
are made for setting up titles. A great many grotesque forms of these 
letters are on the market, and care should be taken to select forms that 
look like printed letters. They may be purchased at any well-supplied 
stationery store. 

Typewriter Lettering, — ^The typewiter can sometimes be used 
successfully ip maJ^?>iB kinds of small charts (see Exhibit 5 on 

1 Eugene Dietzgen Co-j New York. 
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page 11). There are not, however, enough differences in sizes of type 
on an ordinary typewriter to give the lettering the right proportions 
for the various titles, captions, keys, and references usually placed on 
graphic work. This situation may be improved somewhat by using 
special machines, such as the ^'Hammond Multiplex,’^ or by using two 
or more machines with different sizes of type. Letters can be typed 
in various colors, without changing the ribbon, by using colored carbon 
papers. 
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Absenteeism by departments, 26 
Accident analysis, 4 
chart, 77 

Accuracy in charting, 12 
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Advertising, use of graphic charts in, 
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Air-brush, 231 
Allied cargo shipping, 84 
Alphabetical order of items, 36 
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Amazon India Rubber Corporation, 
sales of, 172-173 

American Statistical Association, 66, 
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American Telephone and Telegraph 
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Ammeters, 77 

Analysis, use of charts in, 2, 4 
Anthracite coal {see Coal) 
Anthracite Operators' Conference, 
48 

Aquitania, 2, 18 
Architect’s scale, ‘ 222 
Areas, 18-20 
blocking in, 71 
circular, 19-20, 173-174 
differentiation of, 231 
raised above map, 179-180 
Arithlog paper, 10971. 

Arithmetic curve, 89, 116-117, 131 
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223-224 


Arithmetic and logarithmic curv’^es, 
108-110, 116-117 

Arithmetic and logarithmic scales 
in correlation, 170 
Arithmetic scales, 83, 108, 115, 123- 
124, 127, 131, 135, 138 
Arithmetic time charts, 56-106, 108- 
109, 116, 134 
break at bottom of, 64 
double-scale, 84-85 
scales for, 62-68 
time curve, 61-63 

Arithmetic vertical scale, import- 
ance of zero on, 62-64, 83 
Assessed value of lots in Denver, 180 
Automatic marking pen, 236 
Automobile Manufacturers Associa- 
tion, 22, 24, 66, 101, 114 
Automobiles, distribution of, 174, 
176, 184, 192-193 
proportion to population, 23 
Average prices of twenty-five rail- 
road stocks, 63-64 

B 

Bank clearings in the United Stat^, 
210-211 

Bar charting, errors in, 32—34 
Bar charts, 24-26 

component, 40, 43—52 
horizontal, 24-25, 30, 32-33, 35, 
37-100 

for incomplete series, 61 
mechanical, 38-39, 59 
and pie charts, 17—54 
right and wrong practices, 34 
scales, 26-27, 29—30 
for time series, 59-62, 75, 79-82 
vertical, 26-26, 29—31, 36 
Bar maps, 178-180 
Barber and Company, sales of, 73 
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Bars, blocking in, 33 

circles, or dots on maps, 174-175 
component, errors in use of, 53 
and curves, in component time 
charts, 97-100 

in time series comparisons, 62, 
79-82 

designation of, 30, 33 
in frequency graphs, 140-142 
horizontal, 24-26, 30, 32-33, 35, 
37, 44-45, 60 

incorrect on logarithmic scale, 
115, 119 

pictorial components, 48 
showing geographical distribution 
of sizes, 177 

sizes at geographic points, 172 
used in making comparisons, 18- 
19, 22 
vertical, 26 

Baseline on logarithmic chart, 115 
Base year, 127 
Bead pins, 203 
wires, 203 
Beads, 198 
Beef, retail dollar, 44 
in the United States, distribution 
of, 197 

variation in retail prices for, 46 
Beginners^ faults in ruling lines, 229 
Bell-shaped curve, 148n. 

Bell system, plant and equipment, 
101 

Belt chart, 100, 101, 104 
Ben-Day shading, 213 
Bituminous coal (see Coal) 

Blue-line prints, 207 
Blueprinting, 206-209 
equipment, 207, 208 
machine, 208 
Bold face letters, 237 
Border lines, 14-16, 137-138 
Boston automobile show, chart, 143 
Boston Chamber of Commerce, 198 
Bow dividers, 227 
pencil, 227 

Braddock lettering triangle, 236 
Breaks in charts, 64, 135 


Briggs system of logarithms, 107n.- 
108n. 

Brinton, W. C., 150?i. 

Broken and continuous frequency 
series, 139-140 

Broken curve, 71-74, 92, 140-142, 
147 

Brown-line prints, 207 
Brushes, 230 
Building activity, 87 
Building cycles in seven sections of 
the United States, 161 
Building permits compared with 
total population Los Angeles, 
133 

Built-up letters, 234 
Business, graphic charts in, 15 
Business conditions, general, 122 
Business failures, 36, 53 
Business statistics, summary of 
rules for graphic presentation, 
134r-138 

C 

Canada’s immigration, 44 
Candy consumption, 58 
Capitals, 238-240 
Caption for vertical scale, 62 
Carbon paper, 232 
Card index system with pin map, 
204-205 

Card records, standardized, 11 
Celluloid tacks, 201 
Cement, rubber, 231, 233 
Center of gravity, 165, 166, 187 
Chaddock, Robert E., 133n. 

Chalk, powdered, 206 
Charting, accuracy in, 12 
cumulative figures, 95 
paper, 218-219 
Charts, of accidents, 77 
aids to memory, 2 
in analysis, 2, 4 
appearance of, 16 
arithmetic time, 55-106 
bar charts, 17-54 
clock, 77 

combination size and rate, 129-131 
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Charts, component, 43-52, 106 
continuous, 8, 11 
correlation, 162-164 
cost studies, 3 

drawing and lettering of, 217-244 
enlarging, 8 
of financial statistics, 4 
finished, 6, 8 
frequency, 139-156 
geographic, 172-205 
graphic, in business, 1-5, 15 
of labor statistics, 4 
logarithmic, 107-131, 133-138 
map, 172-205 
pictorial, 14, 16, 43, 56-59 
planning, 6-16 
popularizing, 16 
purpose of, 6-7 
standardization of, 11 
tabular data on, 12, 31-32, 77-78 
time, pictorial component, 102 
of time series, 56-60 
titles of, 12-14 
working, 6-9, 13, 70 
Checking list, for curves, 138 

for simple comparisons of size, 54 
Chicago Tribune, 40 
Chinese white, 211 
Chronological order, 36 
Circles, 19, 20 
on maps, 174-175 

to show sizes at geographic 
points, 175 

Circular areas, 19-20, 173-174 
Cities, ten largest in U.S., 21 
Class intervals, 142-146 
Cleveland Trust Co., 194 
Clock chart, 77 
Cloth-covered tacks, 201 
Coal, anthracite, cost of mining, 48 
bituminous, 61, 72, 87, 104 
distribution, 98 
on hand, 67 
mine operation, 105 
mines in West Virginia, 152 
production, 57, 87 
supply at industrial plants, 180-^ 
181 


Codex Book Co., llln. 

Coefficient of correlation, 16 In. 

Cold mounting, 233 
Collection manager, 3 
Color, in charts, 16, 106 
in component parts, 52-53 
inks, 230 

in pie chart sectors, 41, 44-45 
reproduction, 16 
in statistical mapping, 196-197 
Column diagram, 147-148 
Combination “less than'’ and “more 
than” cumulative frequency 
curve, 152 

Commercial failures, 36, 53 
Commercial Gothic, large, 241 
Comparison, of aggregates, 18-20, 
49-53 

of arithmetic and logarithmic 
curves, 108-110, 117 
broken and smoothed curves in, 
92-95 

of component parts, 40 
of data of unlike time distribution, 
121-122 

of dates, 55-138 
of differences, 36 
of frequency curves, 155 
of frequency distributions, 153- 
156 

of geographical distributions, 197- 
198 

of groups of items, 36-37, 82 
of percentage cumulative fre- 
quency curves, 156 
of percentage distributions of com- 
ponent parts, 52 
of production costs, 33 
of rates of change in two or more 
variables, 116-137 
of relative fluctuations or rates of 
change, 118 

of sales of main store and branch 
store, 117 

of seasonal variations, 11-12 
of size changes in time variables, 
79 

of size, pictorial, 17-18 
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Comparison, of sizes or quantities, 
118 

of smoothed and broken curves, 
92-95 

of time periods, 92 
of unlike time distributions, 121- 
122 

of vertical distances on loga- 
rithmic chart, 117 
Compasses and dividers, 224-225 
Component bar charts, 43-52 
bars, 48, 53, 98-99, 104-105 
charts, 106 

Component curves, to show per- 
centage distribution, 104-105 
Component parts, comparison of, 
40, 49 

of component parts, 49 
pictorial, 49-50 

Component time charts, 101-106 
based on '‘pie^^ diagrams, 101, 102 
pictorial, 102 

Components, percentage relations, 
103 

of a time variable, 97-106 
Compound interest curves, 170 
Compressed letters, 237 
Concentration points, 186 
Continuous and broken frequency 
series, 139-140 
Coordinate axes, 6 In. 
lines, 69, 71, 136 
paper, 6, 9-10 
ruling, weight of, 69 
Coordinates, polar, 76-77 
Copying devices, 232 
Cords, 198, 203-204 
Correlation, 86 
coefficient of, 161n. 
direct, 166-167 
graphical, 161n.-162, 166-168 
inverse, 166-167 
mathematical, Win, 
primary and secondary, 159-162 
spurious, 161n., 167 
type and degree indicated graph- 
ically, 166-168 
Correlation charts, 167-171 


Correlation charts, scales for, 162- 
164 

Correlation curves, comparison of, 
168-171 

Cost of cutting steel, 169 
per size of motor trucks, 165 
per width of seam of mining coal, 
159 

Cotton prices, 85, 120 

and print cloth prices, 120 
and wool consumption, 118 
Cowden, Dudley J., 133n. 

Crayons, 230-231 
Credit manager, 3 
Cross-hatching, 194-196, 231 
of component parts, 52 
on maps, 173, 180, 186, 193 
Cross-section of tack-map mount, 
200 

Croxton, Frederick E., 43, 133n. 
Cumulated frequency data, 149 
Cumulating process, the, 152 
Cumulative curve, 73, 74 

frequency curves, 14.3, 150-153 
Cumulative data, charting, 95, 133- 
134 

Cunard Steamship Company, 17-18 
Curves, arithmetic, 62-110, 116- 
117, 131 

and bars, 62, 79-82, 97-100 
broken, 71-75, 92-95, 164-165 
in comparisons, 81, 92-95, 123, 
125 

component, 104-105 
confusion of, 87 
correlation, 87, 168 
cumulative and non-cumulative, 
73-74 

designating, 86 
differentiation of, 85-86, 137 
emphasis of, 68, 136 
fitting, 165-166 
French, 218, 221 
frequency, 140^143, 160-1 53 
historical, 157-158 
irregular, 221 

ogarithmio, 107-131, 133-138 
number of, 86-88 
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Curves, parallel, 119 
position of, 165-166 
shading between, 91 
ship, 218, 221 
of size changes, 55, 61, 62 
smoothed, 71, 73-74, 92-95, 116, 
164-165, 221 
step, 74-75 

twenty-four, on one chart, 124 
Customer’s condition, 3 
Cut-off scale, dangers of, 82 
Cut-out letters, 243 
Cuts or plates, 209, 211-213 
Cycle on logarithmic chart, 111 

D 

Data, cumulative and non-cumula- 
tive, 95, 133-134 
distortion of map to show, 192 
frequency, cumulated, 149 
irregularities smoothed, 148 
methods of representing on maps, 
173, 179-180 
source of, 12 

tabular, 12, 31-32, 77-78 
of unlike time distribution, 121- 
122 

Dates, comparison of, 55-138 
Davies, George R., IZZn. 

Day, Edmund E., 133n- 

Deck, logarithmic. 111 

Degree of correlation, 161, 166-168 

Density, 184r-190 

indicated by dots, 184, 187 
by shading, 188 
of linear magnitudes, 188, 190 
maps, 184-188 

of street railway traffic, 189, 190 
of traffic flow, 191 

Department of Public Works, 
Chicago, 187 

Department store sales, 123 
Dependent variable, 169 
Deposit liabilities of national banks, 

100 

Designation, of bars, 30, 33 
of curves, 86, 137 
of months by quarters, 65 


Designation, of scales, 29-30 
of shaded areas, 100 
of towns, branches and agents, 199 
of units of time scale, 66 
Deviations, standard, 132-133 
Diagram, column, 147-148 
scatter, 157-158, 167-168 
Diameter basis, 19 
Dietzgen, Eugene, Co., 218n., 224, 
230, 235, 236-237n., 243n. 
Differences, comparisons of, 36 
shown by shading, 95-97 
Differentiation, of areas, 231 
of curves, 85-86, 137 
Dimension lines, 66 
Direct correlation (see Correlation) 
Display, 206-215 
fixtures, 214-215 

Distortion caused by different scales, 
89 

of map, to show data, 192 
Distribution, of automobiles, 174, 
176, 184, 192, 193 
of beef, 197 
of dollar of income, 43 
of employees by weekly earnings, 
145, 149, 150-151 
of family income, 48 
frequency, 139-156 
of heat in coal, 49 
of hours in the boot and shoe 
industry, 156 

of male employees by ages, 154- 
155 

of men wage earners, 153 
of sales, 30, 45 
of textile fibres, 50 
of United States exports, 190 
Distributions, geographical, 172-205 
of aggregates showing their 
component parts, 182 
comparison of, 197-198 
with other factors than area, 
192-196 

of tiine vapables, 183 
Ditto, 214 
Dividers, 224-227 
Division of a given line, ^3—224 
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Division of a given line, with 
dividers, 226 

irregular, of line or space, 224 
Dollar, how American family spends, 
48 

of income, 43 
of sales, 42 
tax, 41 

Dot maps, 174-176, 180, 184-188, 
192, 197 

Dots, circles or bars on maps, 174- 
175 

in density maps, 184r-185 
grouped to show sizes, 176 
Double scale arithmetic chart, 84-85 
Double time scales, 90 
Douglas fix prices, 75 
Drafting, statistical, 217 
Drawing, board and T-square, 218— 
219 

equipment, 217-234 
instruments and materials, 217— 
218 

paper, 206 
pencils, 218 
table, 220 

Drawings, cleaning, 230 
for photographic reproduction, 
209-211 

Drawn or built-up letters, 234 
Drop pen, 227-228 
Dun and Bradstreet, 121 
Duplication, reproduction, and dis- 
play, 206-215 
of tracings, 208 

du Pont de Nemours, E. I., & Com- 
pany, 93, 96 

E 

Eastman Kodak Company, 4 
Economist (United Kingdom) Index, 
129 

Educational Exhibition Co., 10, 
38-39, 111, 172n., 198, 200 
Eels, Walter Crosby, 43 
Electric railway- "milea^ge, distribu- 
tion of,; 177 ' 

Emphasis of Ines, 68-69 


Encyclopaedia Britannica, 17 
Engineers' scales, 222 
England and Wales, population of, 
74 

Enlargement of charts, 8 
Erasers, 218, 229-230 
Errors, in bar charting, 32-34 
in lettering, 241 
in use of component bars, 53 
in use of instruments, 229 
in use of shading, 105 
Evaporation of gasoline content of 
crude oil, 162 

Export markets for motor trucks, 31 
Exports and imports of lumber, 105 
Exports of automobile tires, U.S., 
115 

Extended letters, 237 


Failures, commercial, 36, 53 
Farm buildings, value of, 196 
Farms reporting cooperative sales, 
182 

Farnsworth-Baldwin Company, 34 
Federal Reserve Bank of San Fran- 
cisco, 99 

Federal Reserve Banks, total loans 
of, 90 

Federal Reserve Board, 100 
Federal Reserve Bulletin, 116 
Figures, pictorial, 23 
Financial standing, 3 
Fisher, Irving, 109n. 

Fixative, 231 

Fixture for displaying charts, 214- 
215 

Flags, 198 

Flexible rulers (see Rulers) 

Flow maps, 189-192 
Fluctuation, relative range of, 120 
Footnotes for charts, 137 
Forecasts, of earnings, 5 
indication of, 96-97 
Forms, complicated, 45 
geometric, 135 
pictorial, 20-24 

showing component parts, 48-49 
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Forsyth Furniture Company, 37 
Freehand single stroke lettering, 238 
French, Thomas E., 217n., 232, 
239-242 

French curve, 218, 221 
Frequency charts, 139-166 
bar chart, 141 
Frequency curves, 139, 141 
cumulative, 150-153 
on percentage basis, 155 
simple, 150 
smoothing of, 146-150 
Frequency data cumulated, 149 
Frequency distributions, compari- 
sons of, 153-156 
Frequency graphs, 142, 163 

bars, broken curves and smoothed 
curves in, 140-142 
class intervals of, 142-146 
scales for, 142 
Frequency polygon, 146 
Frequency series, continuous and 
broken, 139-140 

distinguished from other correla- 
tive series, 162, 163 
Frisbee, Ira N., 108n., 133n. 

G 

Gages, steam, 77 
water pressure, 77 
General Electric Company, 43, 84 
Geographical distribution, 197-198 
Geographical order of items, 36 
Geometric forms, 18-20, 135 
in time charts, 57 
Geometric progression, 109, 110 
Glass copying board, 232 
Glass-headed tacks, 201 
Glue, 233 

Gothic, commercial, 234 
large, 241 

Graphic charts, in advertising, 15 
in business, 1-5 {see also Charts) 
Graphic methods, necessity for 
study of, 5 
summary of, 134-137 
Graphical correlation, 161 
Graphs, frequency, 140-142, 163 
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Graphs, historical, 55-138, 162-163 
Grinding of ruling pen, 228 
Grouping of dots to show sizes, 176 
Groups, comparison of, 36, 82 
Guide lines, 30, 31, 34 
for lettering, 236, 238 
Guides or boxes, use of, 66 

H 

Hair-spring dividers, 225 
Half-tone cuts, 212 
Hamilton Manufacturing Company, 
78 

Hand and mechanical lettering, 217 
Handmade modern Roman, 241-242 
Hardware outlets, 191 
Harvard curve, 69 
Hectograph, 213-214 
Historical curves, indicating type 
and degree of correlation, 167 
and scatter diagrams in corre- 
lation, 157-158 

Historical graph, a graph of dates, 
163 

Historical time series, 55-138 
distinguished from other correl- 
ative series, 162-163 
Horizontal bars, 24-26, 30, 32-33, 
35, 37, 60 

incorrect for showing time series, 
60 

and vertical bars compared, 26 
and vertical component bars, 44- 
45 

Horizontal and vertical lettering, 29 
Horizontal scale, 64, 69, 139, 162 
Hot mounting, 233 

I 

Imports of tin plate, 114 
Inclined capitals, 240 
Inclined lower case, 240-241 
Independent variable, 159 
Indexes of wholesale prices, 121 
India ink, 229-230 
Indicationj graphic, of degree and 
t 3 q)e of correlation, 166^168 
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Indication, of forecasts, 96-97 
of points, 156 

Industrial employment and pay- 
rolls, 160 

Industrial Management, 26, 169 
Industrial production, Uixited 
States, indexes of, 88 
Ink, 206, 213, 228-231, 235 
Interest rates during Civil and 
World War periods, 92 
Internal conditions, charts of, 3 
International Harvester Companies^ 
tack map with card index sys- 
tem, 204 

International picture language,* 23 
Inventory, perpetual, 3 
Inverse correlation, 166-167 
Investment, total and permanent, 93 
Investor and Trader, 58 
Irregular curves and flexible rulers, 
221-222 

Irregular division of line, 224 
Irregularities smoothed out of data, 
148 

Items, order of, 36, 42-43 


Jerome, Harry, 133n. 

Jig-saw map, 179 

Joint Committee on Standards for 
Graphic Presentation, 134w,. 
Juggling of scales to show rates of 
change, 130 

K 

Kent, Frederick C., 133n. 

Keuffel and Esser Co., 11 In., 218n.- 
219n., 220, 2227^., 226, 236 
Key or legend, 52, 86 
Kilowatt-hour production, 181 
King, W. I., 13371. 


Labor, needed to buy car, 56 
statisli*^, 4 


Lag, time, 167 
Lantern slides, 214r~215 
Lay-out, of correlation chart, 163 
"of scales, 163 
of symmetrical title, 243 
Legend or key, 52, 86 
*‘Less than” cumulative frequency 
curve, 151 

Lettering, 16, 234^244 

for charts, 33, 66, 136, 138 
errors in, 241 

freehand single stroke, 238 
guide lines for, 218, 238 
hand, 234 

importance of neatness, 16 
instruments, 218, 235-237 
large commercial Gothic, 234, 241 
mechanical, 243 
Modern Roman, 234 
size of, 13 

statistical charts, 217-244 
typewriter, 11 

vertical and horizontal, 29, 41 
white, 231 

Lettering pens, 218, 235-237 
Letters, bold face, 237 
compressed, 237 
cut-out, 243 
extended, 237 
freehand, 238 
general proportions of, 237 
light face, 237 
outlined, 242 
typewriter, 243, 244 
Line, of best fit, 163n. 
emphasis of, 68, 69 
100 per cent, 68 
plates, 212 
zero, 68 

line charts (see Bar charts) 

Line drawings, 212 
Linear magnitudes, density of, 188, 
190 

lithographic pens, 235 
Lithoprint Co., 209n. 

Logarithmic charts, 107-138, 171 
of fire decks, 114 
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Logarithmic charts, limiting lines, 
136 

two decks, 113 ^ 

vertical distances only compared, 
117 

Logarithmic curves, 107-131, 133- 
138, 171 

and arithmetic curves compared, 
108-110, 117 
purposes of, 116 
scales for, 109-110 
simplicity of, 108 

Logarithmic division of a given 
space, 223 

Logarithmic paper, 111-113 
Logarithmic scales, 111, 170, 222- 
224 

bars on, 115 

on correlation charts, 169-171 
for curves, 109-110 
laying out, 11 In. 
no base or zero line, 115 
test for, 113, 115 
vertical, 109, 114, 137-138 
Logarithms, Briggs system of, 107n.- 
108n. 

Los Angeles, passenger trafl&c flow, 

189 

Loss and gain charts, 34, 35 
Lower case letters, 239-241 

M 

Magnitudes, linear, density of, 188, 

190 

Map, cabinet, 201 
cord, use of, 198, 203 
frames, 201 

marking devices, 201-205 
mount, 200-201 
tack system, 198-204 
Maps, bars on, 172, 174, 177, 180 
card index with, 204r'205 
colors in, i96r-197 
cross-hatched, 173, 180, 186, 193 
density, 184-188 

dots on, 174r-176, 180, 184r-188, 
192,197 


Maps, merchandise flow, 191 
methods of representing data on, 
173 

outline, 172 
percentages, 19^196 
protection against dampness, 201 
shading on, 193-196 
statistical, 19, 172-205 
wall, 199 
washable, 204 

Massachusetts electric companies, 
33 

Materials and supplies in relation to 
consumption in manufacture, 
96 

Mathematical correlation, 16 In. 
Mechanical bar charts, 38-39, 59 
Mechanical Engineering^ 181 
Mechanical lettering, 217, 243 
Mechanical wall chart, 38-39 
Merchandise flow map, 191 
Metals used by Smith Manufactur- 
ing Company, 27-29 
Milk, railroad, for Boston market, 
198 

Mills, Frederick C., 133n. 
Mimeograph, 213-214 
Mineral products, value by states, 25 
Modern Roman, 234, 214r-242 
Money of forty-eight nations, 194 
“More than” cumulative frequency 
curve, 151 

Morrison-Bell, Sir Clive, 178 
Motion studies, 4 

Motor trucks, export markets for, 31 
vehicle production, 13 
Mounting and adhesives, 233-234 
Multiplex Display Fixture Co., 214 

N 

National Engineer^ 49 
National Industrial Conference 
Board, 48 

National Manufacturing Co., 139 
National Map Co., 172n., 198 
Neurath, Dr. Otto, 23 
New England department store 
sales, 65 
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New passenger car registrations, 98 
New York Stock Exchange, distri- 
bution of sales, 103 
New York Stock Exchange transac- 
tions, 65, 121 

Newsprint production, 80-81 
Newsprint Service Bureau, 79-81 
Non-cumulative and cumulative se- 
ries, 133-134 

Non-cumulative curve, 73, 74 
Number of curves, 86 

0 

Oak flooring, 82 

Office area and population in Los 
Angeles, 128 

Offset printing process, 10 
Omission, of class intervals, 145 
in horizontal scale, 69 
One hundred per cent line, emphasis 
of, 68 

Ong, Joe R., 189 

Optical illusions, 231-232, 237-238 
Order of items, alphabetical, 36 
chronological, 36 
geographical, 36 
in pie chart, 42-43 
of size, 36 
in time scale, 80 
Ordinate, emphasis of first, 68 
Ordinates, 61n. 

what they represent, 72 
Outline maps, 172 

Outlined letters for large careful 
work, 242 
Overlapping, 104 


Packing house products, distribu- 
tion of, 191 
Pantograph, 232-233 
Paper, blueprint, 207 
charting, 218-219 
drawing, 206 
logarithmic, 112 
production, 79 


Paper, tracing, 206 
Van Dyke, 207 

Paris store sales of men’s shoes, 141 
Passenger subways, Qhicago, 187 
Paste, 233 
Payment plans, 4 
Payzant pens, 235-237, 241 
Pease, C. F., Co., 208 
Pencil plotting, 6 
Pencils, 218-219 
Pens, automatic marking, 236 
drop, 227-228 
lettering, 218, 235-237 
lithographic, 235 
Payzant, 235, 236 
ruling, 227-229 
steel, 235 

Percentage, change bar chart, 35 
distribution of capacity of coal 
mines, 104 

of component parts, 51, 52 
of frequency series, 154 
map, 194-196 
method, simple, 129-131 
protractor, 218, 224 
relatives, 64-65, 125—129 
Percentages and actual sizes in time 
series, 101-104 
Perpetual inventory, 3 
Persons per car in the United States, 
22 

Photographic, paste, 233 

reproduction, drawing for, 209 
Photostat Corporation, 212 
Photostat process, 9, 196n., 211-212 
Phrases in titles, 13 
Pictorial charts (see Charts) 

Pictorial comparison of size, 17-18 
Pictorial component bar, 48 
Pictorial figures (see Figures) 
Pictorial forms (see Forms) 

Pie charts, 17-54, 40-43 
coloring or shading, 41 
laying out, 224 
on map, 182 
pictorial, 42 
sector arrangement, 42 
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diagrams, in. component time 
charts, 101-102 
Pig iron production, 70 
and bank clearings, 132 
Pins, 198 

Plates, 209, 211-213 
zinc, 10 

Plotted points, position of, 66 
Plotting data for unequal time peri- 
ods, 67 

Plus and minus quantities, 71 
Points plotted, 66 
representing observations, 136 
Polar coordinates, 76-77 
Population of Jonesville, growth of, 

no 

per square mile in United States 
by counties, 188 

of the United States, growth of, 108 
Position of points in relation to 
vertical lines, 66 

of scales and their designations, 
29, 142 
of title, 13 

Positive and negative variations, 71 
Pounce, 206 
Prices, of beef, 46 
cotton, 85, 120 
of crude petroleum, 78 
of Douglas fir, 75 
of stocks, 63-64, 126 
wheat, 85, 121 
wholesale, 121-124 
Primary correlation, 159 
Principles of chart planning, 6-16 
Printed forms, use of, 9 
Printed titles, pasting on, 243 
Printing press, draftsman’s, 243 
Printing process, offset, 10 
Profit and loss charts, 34-35, 45, 47, 71 
Proportional dividers, 226 
Proportions of chart, 7 
Protractor, 218, 224 
Purchasing departments’ charts, 4 

Q 

Quality of drawing instruments, 217 
Quotas of salesmen, 39 


R 

Rail freight traffic, 114 
Railroad and motor truck trans- 
portation, 170, 171 
Railroad stocks, average prices of 
twenty-five, 63-64 
Railway mileage, electric, 177 
Rainfall by months, seven sections 
of United States, 183 
Rainy days and umbrella sales, 158 
Rand McNally and Co., 172n., 
198ri.-199, 201-204 
Ranges, of fluctuation, 120 
of three stocks, 91 
of variations, 90, 91 
Rates of change, 107, 169, 171 
common units not necessary in 
comparing, 119 
shown by jugghng scales, 130 
in a time variable, 107-131 
in two or more variables, 116 
Rates of growth, 108 
Ratio charts, 107-131 
definition of, 109n. 

Reasons for terminations, 27 
Record of sales, 94 
Recording devices, 77 
Reducing glass, 209 
Reduction of drawings, 210, 211 
Reference scale, 174 
Reflectoscope, 215 
Relation between a column diagram 
and a broken curve, 147 
a smoothed curve, 148 
Relation, of population to automo- 
biles, 192, 193 

between price and supply of 
apples, 166 

of vertical to horizontal scales on 
correlation charts, 164 
Relatives, percentage, 125-129 
Reports, daily, in graphic form, 3 
Reproduction, duplication, and dis- 
play, 206-215 

Retail Lurnhermarij pictorial chart, 14 
Retail markets in Iowa, distribution 
of, 175 



256 GRAPHIC METHODS FOR BUSINESS STATISTICS 


Retail sales per capita, United States, 
179 

western and northern New York, 
178 

Rexim Co., Inc., 209n. 

Riegel, Robert, 133ri. 

Riggleman, John R., IOSti., 133n. 
Rings, 198 

Roman, 234, 241-242 
Rorty, M. C., 74, 167n. 

Royal Statistical Society, 66 
Rubber cement, 231, 233 
Rubber stamps, 243 
Rulers, flexible, 221-222 
Rules for graphic presentation, 
summary of, 135-137 
Rules of practice, 134 
Ruhng pens, 227-229 

S 

Sales, charts, 4 

distribution of, 30, 45 
profit and loss, 47 
routes, 204 
territories, 204 
Salesmen's quotas, 39 
Sandow Coal Company, 51 
Scales, arithmetic, 83-85, 108, 110, 
115, 123-124, 127, 131, 135, 138 
for arithmetic time charts, 62-68 
in arithmetic and geometric pro- 
gression, 110 
bar chart, 26-30 
complete, importance of, 82 
correlation chart, 164 
double arithmetic, 84-85 
for frequency graphs, 142 
in geometric progression, 110 
horizontal, 64, 69, 136-139 
juggling of, to show rates of 
change, 130 
laying out, 163 

logarithmle, 107^115, 119^131, 

135-138, 170, 222^M 
percentage, 129-131 
position of, 29, 137 
range, in proportion to, 90 


Scales, reference, on maps, 174 
selection, 28 

for size comparisons, 83-85 
standardization of, 122-123 
time, different, 90, 92, 93 
units, 69, 71, 119-120 
vertical logarithmic, 109, 114, 

137-138 

Scales, statistician’s, engineer’s, and 
architect’s, 218, 222 
Scatter diagrams, advantages of, 168 
and historical curves, 157-158 
indicating type and degree of 
correlation, 167 
Seasonal, movements, 122 
variations, 11-12 
Secondary correlation, 159-160 
Secrist, Horace, 133?2. 

Section liner, 231 

Semilogarithmic paper, 109, 111-113 
Sentinel Canning Company, 71 
Series, continued, use of separate 
cards for, 94 

cumulative and non-cumulative, 
133 

frequency, 139-140, 162-163 
historical, time, 55-138, 162, 170 
Shading, 206, 231 
areas on maps, 194-195 
Ben Day, 213 
between curves, 91, 104 
components, 52-53, 100, 106 
emphasizing time series varia- 
tions, 72 

error in use of, 105 
mathematically graduated, 194 
pie chart sectors, 41, 44-45 
to show density, 188 
to show differences, 95-97 
to show percentages, 194-196 
to show sizes, 180- 182 
Ship curves, 218 
Shipping, allied cargo, 84 
Side margins, 14-15 
Simple comparisons of size of 
aggregates, 17-64 
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Simple comparisons of size, for geo- 
graphic points or areas, 173-184 
Simple frequency curve, 150 
Simple frequency data cumulated, 
149 

Simple percentage method, 129-131 
Simple pictorial time charts, 57-59 
Single stroke letters, 234 
Sizes, of chart, 7 

circular areas to show, 173 
differences, 108 
of dots, 185 

order of, in comparing items, 36, 38 
and percentages in time series, 101 
pictorial comparison of, 17-18 
represented by shading, 180-182 
shown on maps, 172, 175-177 
Size changes, common unit neces- 
sary, 39 
curves of, 61 

in a single variable over a period 
of time, 56 
in time variables, 79 
Skyscraper of Industry, 24 
Slanting guide lines, 236, 238 
Slide rule. 111, 125n. 

Slides, lantern, 214 
Slopes of curves, 116 
Smith, Herbert W., 21 In. 

Smith Grain Company, 34 
Smith Manufacturing Company, 
27-28 

Smoothed curve, 71, 73-74, 92, 116 
and broken curves, 92-95, 164-165 
in frequency graphs, 140-142 
method of drawing, 221 
points where freely smoothed, 148 
Smoothing, of frequency curve, 146- 
150 

of logarithmic curves, 116 
to show tendencies, 156 
Spacing, of different parts of a 
chart, 14 
letters, 242^243 
for years, unequal, 67 
Square and circular areas, 19 

'‘Stamp-o-graph process,'’ 243 

Stamps, rubber, 243 


Standard deviations, 132-133 
Standard Statistics Service, 98 
Standardization of charts, 11, 89, 
122-123 

of scales, 122-123 
Standardized card records, 11 
States in proportion to figures rep- 
resented, 181 

Statistical charts, drafting, 217 
drawing and lettering, 217-^44 
Statistical maps, 19, 172-205 
Statistician’s scale, 111, 218, 222 
Statistics, business, summary of 
rules for graphic presentation 
134—138 

dependence upon, 1 
Steam gages, 77 

Steel ingot production, chart of, 60 

Steel pens, 235 

Stencil duplicators, 213 

Step curves, 74-75 

Stock market, course of, 91 

Stocks, prices of, 126 

railroad, average prices of twenty- 
five, 63-64 
steel sheets, 121 

Stopping distances for motor 
vehicles, 164 

Styles of letters used, in charting, 
234 

by printers, 234 
Subtitles, 12, 137 

Subways, passenger, in Chicago, 187 
Successful jarming^ 183 
Summary of graphic methods, 134- 
137 

Sutcliffe, William G-, 133n. 

Swift & Co., 20-21, 44, 46, 191-192, 
197 

System of passenger subways, 
Chicago, 187 


Tabler drawing, 220 
glass copying, 232 

Tabular data, presenting on charts, 
12, 31"'32, 77-78 
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Tack maps, 199, 202 
Tacks for maps, 198, 201-202 
Tags, 198 

Tariff walls of Europe, 178 
Tax dollars, 41 

Taxes, increasing proportion of 
retail gasoline dollar goes for, 
101 

Telephone office, 76 

traffic and operators required, 75 
Test for logarithmic scale, 113 
Thumb tacks, 218 
Time and motion studies, 4 
Time charts, arithmetic, scales for, 
62-68 

bars and curves on, 79 
component, 101-106 
equal spaces represent equal units 
of time, 68 

horizontal scale in, 64 
Time curve, arithmetic, 61-62 
Time distribution, data of, 121-122 
Time lag, 167 

Time periods, different, comparison 
of, 92 

Time scales, designating units of, 65 
different, 92-93 
double, 90 
normal order, 80 
in pictorial charts, 57—58 
Time series, bar charts for, 59-61 
correct form for showing, 60 
historical, 55-138 
methods of comparing, 126 
not historical, 162, 170 
pictorial charts of, 56-59 
Time variables, 55-138, 155 
changes in, 79 
components of, 97-100 
Tinting, 230 

Titles, abbreviations incorrect in, 60 
centering, 15 
for charts, 12-15, 53, 137 
importance of, 12, 16 
laying out, 243 
position and si^fc of, 13-15 
printed, 243 ^ ^ , 


Tracing cloth, and paper, 206 
Tractors on farms, 186 
Traffic flow, 191 
maps, 189-191 

Transparenting solutions, 207 
Trend line, 158 
Triangles, 218, 220, 231 
Braddock lettering, 236 
Trunk lines of the Bell System, 188 
T-square, 218-220, 226, 231, 236 
Turnbull, William O., 242n. 
Twenty-four curves on one chart, 
124 

Type, of correlation indicated 
graphically, 166-168 
of frequency distributions, 148 
Typewriter lettering, 11, 243-244 

U 

Umbrella sales and rainy days, 158 
Unequal class intervals, 142-143, 
153 

Unit width of class, 146 
United States, exports of, distri- 
bution of, 190 

growth of population of, 108 
imports and exports of, 83, 114- 
115 

industrial production, 88 
United States Bureau of the Census, 
188 

United States Bureau of Foreign and 
Domestic Commerce, 9, 59, 
178-179, 190-191 

United States Bureau of Labor 
Statistics, 160 

index of wholesale prices, 129 
United States Department of Agri- 
culture, 58, 102, 182, 186, 196 
United States Department of the 
Interior, 172n. 

United States Geological Survey, 
61, 106, 181 
Units, common, 38 
for loganthmic charts, 119-120 
for time scale, 65 
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University of Denver Bureau of 
Business Research, 180 
Unlike time distributions, 122 

V 

Van Dyke, 8-9 
paper, 207 

Variables, components of, 97-100 
independent, 159 
rates of change in two or more, 
116-117 

relationship between two, 159-162 
size changes in, 56, 79 
time, 155 

Variations, 46, 72, 90-91 
Vertical bars, 24-26 
component, 44-45 
in frequency graphs, 140 
for time series, 59-60 
Vertical distances, on logarithmic 
chart, 117-119 
Vertical lettering, 29 
Vertical logarithmic scale, 109, 114, 
137-138 

Vertical lower case, 239-240 
Vertical scale, of arithmetic charts, 
62-64 

frequency chart, 142 
for logarithmic charts, 137 
for pictorial time charts, 57-58 
standardization of, 89 
for time curves, 62-63, 162-163 
Vertical single stroke capitals, 238- 
239 

Vertical or slanting guide lines, 236, 
238 

Voltmeters, 77 
Volumes, 18^19, 21-22, 57 
von Huhn, R., 43 

W 

Walker Manufacturing Company, 77 
Walker ^s Department Store, 42 
Wall charts, 8-9 
mechanical, 38-39 
Wall map, large scale, 199 


Walworth sales, 69 

Washable maps, 204 

Water color brushes, 230 

Water pressure gages, 77 

Wax engraving, 212 

Webber Construction Company, 97 

Weight, of ruling, 65 

of coordinate ruling, 69 
Western Electric Company, internal 
statistics used by, 4 
Wheat, prices of, 85, 121 
sales of, 34 

Wholesale prices of twenty-four 
commodities, 124 
Willys-Overland Co., 202 
Woman^s World, 175 
Wood-Regan Instrument Co., 237 
Wood mounting, 200 
Wool production, 99 
Working charts, 70 
World flow of United States ex- 
ports, 190 

World^s highest buildings, compari- 
son of, 17 

World’s Production of Textile 
Fibres, 50 

Wrico lettering guide, 237 
X 

X-axis, 158 

Y 

Y-axis, 158 

Yule, G. U., 133n., 144n., 149n- 
Z 

Zero line, 27-28, 68-69, 135, 138 
on arithmetic vertical scale, im- 
portance of, 62-64 
on curve scal^, 135 
on frequency charts, 148 
on horizontal scale, 142 
none on logarithmic scale, 1 14-115 
Zinc etching, 212 
plates, 10 



